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ROADBEDS HIGHWAYS AND AIRPORT RUNWAYS 


Ira Mullis! 


SYNOPSIS 


This paper intended guide the rational design and construction 
roadbeds for highways and airport runways. The effect pore space, water 
content, and cohesion the constituent particles the roadbed govern its 
strength. Other properties are secondary ones. 


INTRODUCTION 


Observations and practice highway work seem indicate the need for 
more positive method design and construction. This statement based 
the occurrence numerous road failures during wet, freezing weather. The 
1949) which says that the Highway Research Board meeting (EN-R, Dec. 30, 
1948) issued caution against putting too much faith laboratory tests soils 
for roadbuilding. The editorial also states that Robert Phillipe had said 
then recent meeting the ASCE New that after soil- 
compaction studies there still only chance relationship between laboratory 
test results and actual performance little change has 
been made compaction methods since that time, assumed that the chance 
relationship continues. 

Additional support conditions cited seems given Gerald 
Leonards, ASCE(1)2 who states that foundation and earthwork engi- 


Note.—Discussion open until August 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Highways Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. March, 1960. 
Cons. Engr., (Retired), Raleigh, 


Numerals parentheses, thus (1), refer corresponding items the bibliography. 
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neering—despite the heralded advances soil mechanics—experience remains 
the most important requisite for success. 

During this research method has been formulated that shows that when 
certain laboratory method duplicated roadbed, gives the same results 
that the laboratory. 

Although the fundamental principles the methodare not new, they have not 
heretofore been applied purposely the design construction roadbeds. 
There are, however, numerous examples what these principles have accom- 


plished all stable formations the earth and certain man-made embank- 
ments. 


PURPOSE 


The purpose this researchis not merely todiscover facts about roadbeds 
but reveal principles that explain the facts. course, when the principles 
are known, empiricisms are rational methods con- 
struction follow. Once the basic principles are known, the concept the ideal 
becomes clear. 

The ideal roadbed one that does not become plastic wet weather 
dusty dry weather, but remains smooth without undue maintenance. 


METHOD 


followed Nature herself when converting sediments into consolidated sedi- 
mentary rocks. The principles are simple and not vary. course, rock 
types vary character, but the principles strength remain constant. 

roadbeds may well regarded synthetic rocks, effort made 
follow the principles that Nature applies converting gravel, sand, silt, and 
clay into consolidated indurated rocks. 

spare the readers being led through the long list erroneous hypotheses 
set effort discover facts about roadbeds, the results will pre- 
sented deductively and the outstanding findings set premises. 


Premise 1.—The ability molecules toresist measured 
their arrangement packing and cohesion. 

Premise 2.—The ability fragments rock toresist force mea- 
sured the restriction pore space and the strength its cementing ma- 
terial. 

Premise 3.—The weakening effect pore space and its water content 
measured their respective volumes. 

Premise 4.—Were possible toselect twohydrous materials having identi- 
cal molecular arrangement and cohesion, both would break under identical 
loads, provided each had identical pore space and water content. This being 
true, the material having the lesser pore space water content would the 
stronger. 

Premise 5.—It may well bethat specimenof rockor earthcontains sub- 
microscopic structure (Premise too minute the measurable 
pore space. such specimens, strength may affected more sub- 
microscopic structure than small differences pore space water con- 
tent. inother materials construction, one may safely resort tothe method 
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multiple tests, statistical averages, and factors safety means for 
the selection material with adequate strength. 

Premise 6.—The durability rock earth increased the reduction 
pore space and the restriction against water losses. 

Premise 7.—Cohesive earth with water-filled pore spaces cannot slake; but 
when its pore spaces contain considerable volumes air, slaking proceeds 
water displaces the air content. 

Premise 8.—Poorly graded earth with little bonding material cannot 
adequately consolidated pressure tamping alone; but can con- 
solidated after suitable gradation and bonding materials have been mixed into 
water added tocause the particles tocohere under adequate 
pressure tamping. 

Premise 9.—The presence excess air pore space provides source 
weakness. When water does become available, almost certain todrive out 
least part the air, cause swelling, and weaken the roadbed proportion 
the amount water absorbed. 

Premise 10.—The effect water change and strength can 
alleviated overcome the control water content. This may ac- 
complished the reduction pore space very small value and re- 
stricting the air content not more than 10% the volume the total pore 
space. Where air-filled pore space very excess 10% the total, 
excessive water content likely follow with excessive volume change and 
loss strength. 

Premise 11.—As clay the surface roadbed offers little resistance 
traffic weather, must protected more resistant material, such 
mixture fine aggregate and asphalt. major purpose the paper 
provide basis for the establishment strong roadbed, the protective 
mat may only thickness that will prevent ravelling and evaporation. 

Premise 12.—If water occupies not more than 90% the total pore space 
earthwork and freezes, ample room available for expansion. 

Premise 13.—Total pore space should about 90% saturated avoid ex- 
pansion and contraction; water losses can held practically constant the 
prevention evaporation. 


Premise 14.—When pore space restricted low values, the probability 
100% saturation negligible. 

Premise 15.—When total pore space reduced low values and 90% satu- 
rated, its resistance load and weather will the maximum for the given 
pore 

Premise 16.—If saturation remain constant, the only method which 
increasedis the reduction total pore space and increased 
strength the cementing substance. 

Premise 17.—Every capillary system consists three essentials—a source 
water, capillary medium such volume earth limited height that 
may called wick, and means for the removal water from the wick 
evaporation drainage. 

Premise 18.—The quantity water capillary system may lift limited 
five conditions follows: (1) quantity water the intake the wick; 
(2) height the wick; (3) cross section the wick; (4) porosity the wick; 
and (5) rate which water removed from the upper end the wick. 

Premise 19.—If any one the limiting conditions specified Premise 
fails function, capillary movement must cease once. 
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Premise 20.—The conditions required for heaving frost action are 
follows: opening sufficient size receive water and freezing tempera- 
ture. Openings may the form crack, joint, even pores that may 
more than 90% filled with water. Heaving will intensified when the tem- 
perature alternately above and below the freezing point, provided additional 
water added between freezings. 

Premise 21.—The least vulnerable pores are those minute that their air 
content remains firmly held that little water may enter. 


seems that formations withvery limited pore space are least affected frost 
action. 


The method selected for obtaining the ideal roadbed intended provide 
roads stable under given loads any kind weather. The term “sta- 
bility” expressed pounds the moisture content the material the 
time the test. pore space apt become about 90% saturated, the ut- 
most effort should made eliminate all air possible, restricting not 
more than 10% the total pore space the mass. Because its simplicity 
and widespread use, the use the Hubbard-Field stability apparatus sug- 
gested. 

obtain high stability, course, pore space must low and bondstrength 
high all times. Obviously, total pore space and air space are adequately 
restricted the time construction and the roadbed protected against evapo- 
ration (as required Premise 11), stability will remain very near the estab- 
lished value. 

this method, the stability the roadbed set the value required 
the weight the traffic and the pore space and water restricted 
produce and maintain that value regardless weather. Rocks constant 
strength are those having constant water content and, course, they are 
protected against evaporation. Moreover, these rocks not weather long 
they remain protected from change. seems also that roadbeds can 
kept stable only protection from change. Premise based observations 
the works Nature herself, appears not vary. 

roadbeds are made rocks and sediments many kinds, attain 
maximum success one must know the basic principles each and avoid vio- 
lating them. Although one might very well beginat any point the rock cycle, 
seems best start with igneous rocks these were the first ones, and 
continue with sedimentary and metamorphic rocks and follow with sediments. 
The next constructive step the cycle is, course, the consolidation sedi- 
ments into more stable bodies. Thus roadbed may well considered 
moderately consolidated sedimentary rock, the strength which increases with 
decreasing pore space (Premise 2). 


THE CRUST THE EARTH 


The crust the Earth consists bedrock and mantle. these materials, 
all roads and many other works engineering are formed and, indeed, life 
itself depends upon them. Soil which plants grow formed directly from 
mantle regolith and the source mantle is, course, bedrock. 

describe the crust the Earth detail not essential, therefore, the 
discussion will confined essentials only. 
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Bedrock classified according igneous, sedimentary, and 
metamorphic rocks.(2) Sediments are referenced William Twenhofel,(3,4) 
recognized authority sediments; and soilis referenced tothe United States 
Dept. Agriculture.(5) 

these rocks, being richin quartz and metals such iron, 
magnesium, calcium, and sodium, are more resistant weathering. this 
category belong granite, rhyolite, silicious sandstone, quartzite, gneiss, and 
others. These are known acidic silicious rocks which produce powders 
and clays low bond strength. the other hand, rocks poor quartz but 
rich iron, magnesium, calcium, and sodium are less resistant weathering 
but are tougher and, with certain exceptions, produce rock powders and clays 
higher cementing value. 

Pore Space Rocks.—Tables Heinrich Ries and Watson(6) show 
that the pore space many building stones often less than 1.0% and one 
excepts sandstones, limestones and vesicular rocks, all have total pore space 
less than 2.0%. The source mentioned states that sandstones and limestones 
have wide range. Sandstones are listed having porosity ranging from 
6.9% 25.5% and limestones 0.32% 13.38%. Vesicular rocks may have 
porosity more than 25%. course, rocks with high pore space, weather more 
rapidly than the same rocks with less pore space. 

After rock has been crushed, the pore space between fragments and parti- 
cles high. Porosity here may 40% more. 

Relationship.—Although the effect pore space the 
strength rocks well known, the relationship seems almost entirely 
overlooked practice. The relationship clearly shown Table which 
granites are found weaken with increasing saturation. similar relation- 
ship between porosity and inother rocks. seems 
almost, not entirely, universal relationship brick, concrete, and 
timbers (Premise 2). This fact also sometimes stated that “every aggregation 
matter attracts every other aggregation matter force which di- 
rectly proportional their respective masses and inversely proportional 
the square the distance between them”, that is, across the pore spaces. 
This law valid between atoms where space measured Angstrom units 
and also the celestial sphere where distances are measured light years. 
Thus, the unit distance times that where the dis- 
tance 

Another example given Edward Dana(7) showing the effect mo- 
lecular arrangement (packing) hardness, whichis manifestation strength. 
Diamond and graphite are both carbon, but the diamond the hardest all 
minerals and graphite one the softest. Difference attributed that 
specific gravity, the diamond being much the greater (Premise 1). 

Effect Water Strength Rocks.—The weakening and softening effect 
water minerals and rock well-established fact. For example, gibb- 
site and diaspore consist entirely alumina and water, but gibbsite the soft- 
contains 34.6% chemically combined water and diaspore only 15.0%. 
The hardness gibbsite 2.5 3.5 but diaspore 6.5 each according 
the Mohs’ scale.(7) course well known that hydrous structural ma- 
terials such brick and concrete are softer when wet. 
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Magnitude Saturation Rocks.-D. Kessler and Sligh(8) found 
that the absorption limestones proportional total pore space, but when 
thoroughly long period soaking necessary completely refill 
the pores. Two-week immersion tests showed the average saturation 
70% and that specimens soaked for months were less than 90% filled. Table 
shows the percentage absorption pore volume under three methods and 
only those under vacuum became more than 85% filled. 


TABLE PORE SPACE AND WATER CONTENT 
STRENGTH 


Saturation 
capacity 
0.11%-0.20% 


Saturation 
capacity 
0.00%-0.10% 


Saturation 
capacity 
0.21%-0.30% 


Maximum strength, psi 
Minimum strength, psi 
Average strength, psi 
Percentage dry strength, 
based dry condition 
Group 
Percentage wet strength, 
based dry condition 
each group 


40,000 
12,000 
23,100 


13,800 


33,000 
13,000 
21,700 


100 


Data from Kessler, Daniel W., Herbert Insley and William Sligh, Physical 
Mineralogical and Durability Studies Building and Monumental Granities the 
United States. National Br. Stds., Research Paper 1320, vol. 25, August 1940. 


Notes.—Saturation was measured after submergence water; but was found 
that saturation was not complete, even after lyr. Indeed the greater portion the 
specimens were less than one-half filled the end the year. 
The term “pore space” used the title the table represents “saturation ca- 
pacity,” that is, the water absorbed during the 48-hr period inundation water. Al- 
though these terms are known not entirely accurate, they seem the most 
appropriate terms that have far occurred. 
Bureau Public Roads, Results Physical Tests Road-Building Aggregate 
shows the average absorption granites 0.3%, with 80% less than 0.4%. Less than 
10% the granites had absorption 0.1%. 


Many absorption tests made the Bureau Public Roads(8) show the re- 
sistance many rocks absorption. one would expect, the finer grained 
least porous rocks absorb the least while sandstones and limestones absorb 

the greatest amounts. 
Effect Weathering Rocks.—The weakening effect weathering has 
marked effect the strength rocks. Granites are considerably weakened 
when one can first detect the loss luster from weathering. For example, ex- 
periments made granite part this research, showed that the slight- 
est loss luster that could detected the eye was attended loss 
measured the rattler test. Again, granite weathered the extent 


Tested Tested Tested 
53,800 41,500 44,100 
13,800 14,400 15,600 
31,200 26,200 25,500 
4 


ROADBEDS 


miners refer “sap”, early stage, showed abrasion loss almost two 
times that fresh rock the same quarry. 

Rocks that weather most rapidly are the basic cellular ones that are readi- 
attacked the agencies weathering. course, these agencies are 
acidic nature. Rocks least vulnerable weathering are acidic rocks, such 
granite and rhyolite which are acidic nature. 


SEDIMENTS 


another name for the loose materials the earth’s 
crust, are defined Twenhofel(10,11) deposits solid material (or ma- 
terial transportation which may deposited) made from any medium the 
earth’s its outer crustunder conditions temperature approxi- 
mating those normal the surface. Some transportation involved, but 
may range from mere detachment the particles the parent rock move- 
ment over many miles; must, however, sufficiently great destroy tex- 


TABLE ABSORPTION PORE 


Absorption after Absorption after Absorption under 
Material 
rapid submersion slow submersion vacuum 


Sandstone 
Sandstone 
Marble 
Limestone 
Slate 

Tuff 
Granite 


Ries, Heinrich T.L. Watson, Engineering Geology, 437, 1914. 


tures and structure the parent rock, except these are preserved the 
particles. 

Source Sediments .—Sediments, stated the definition, must come from 
the parent rock. Thus can seen that sediment may separated the 
may also transported water, air, ice, animate life. may de- 
rived from any type rock, depending source and transporting agency. 

Sediments may derived from organic matter also. Certain areas the 
Earth abound sediments such microscopic tests, shells, peat, etc. 

Classification According Size.—As reported Twenhofel,(10,11) sedi- 
ments are classified from boulders clay size, giving the limiting dimensions 
the pieces, the aggregate name, and the name the indurated rock formed 
the pieces. Descriptions are given the several sediments. 

Pore Space space with fine particles screened 
out seems average about 40%. Table shows that the usual deviation from 
40% usually not more than about 5%. Using the maximum and minimum 
values for spheres computed Slichter (Table 3), the average value 36.70% 
(item close the average experimental value Fraser and also 


52.97 61.30 85.46 
61.08 64.88 95.48 
59.17 84.27 94.67 
35.46 37.20 90.04 
72.92 79.16 100.00 
65.51 69.37 89.64 
41.20 57.71 85.54 


that Westman and Hugill, each using lead shot the experi- 
ment (items Values washed sands and other aggregates shown 
Table (items and 10) Fraser, indicate the effect water the bulking 
wet materials. the work cited shows also, that dry packing sands, 


lead shot, etc., more efficient than wet packing. Clays, however, require 
limited amount water for packing. 


TABLE 3.—PORE SPACE CERTAIN MATERIALS 


Item Material Percentage 


Slichter Computed pore space between spheres max., 
Slichter Computed pore space between spheres min., 25.95 
Slichter Average and 36.79 
Fraser Actual pore space lead shot avg. dry compact. 37.18 
Westman Hugill Compacted lead shot avg. 36.9 
Fraser Std., beach, and dune sands avg. dry compact, 36.31 
Westman Hugill Rounded sand, Nos. 150 200 only, 42.5 
Fraser Beach, dune and standard sands, dry loose avg. 40.29 
Fraser Beach, dune and standard sands, wet loose avg. 44.80 
Mullis Washed, rodded and dry concrete sands avg. many, 39.9 
Mullis Washed, rodded and dry concrete sands max. many, 41.0 
Mullis Washed, rodded and dry concrete sands min. many, 36.3 
Mullis Washed, crushed rock aggregates avg. 125, 39.1 
Mullis Washed, crushed rock aggregates max. 125, 41.3 
Mullis Washed, crushed rock aggregates min. 125, 26.8 
King, reported Meinzer, avg. many, 
King, reported Meinzer, Clays max. many, 
King, reported Meinzer, Clays min. many, 
Meinzer Glacial outwash, silt clay, Connecticut, 18.0 
Meinzer Till boulder clay, Connecticut, 13.5 
Meinzer Till boulder clay, Connecticut, 
Meinzer Till boulder clay, Connecticut, 11.5 
Meinzer Lake deposit, silt, Connecticut, 36.0 
U.S. Dept. Agr., reported Meinzer, Soils, Avg. many, 
U.S. Dept. Agr., reported Meinzer, Soils, max. many, 


U.S. Dept. Agr., reported Meinzer, Soils, min. many, 


References, items: 


1,2 Meinzer, O.E., The Occurrence Ground Water the United States, U.S.G.S., 
Water Supply Paper 489, 1923, pp. 4-5. 


4,6,9,10 Fraser, H.J., Experimental Study the Porosity and Permeability Clastic 
Sediments, Geol., No. 1935, 936. 


5,7,8 Westman, A.E.R. H.R. Hugill, The Packing Particles, J.Am.Cer.Soc., 13, 
No. 10, Oct. 1930, pp. 767-779. 


11-16 Mullis, Ira B., Private record, unpublished. 
17-19 King, F.H., reported Meinzer, Op. cit., 10. 
20-24 Meinzer, O.E., Op. cit. 11. 


25-27 U.S. Dept. Agr., reported Meinzer, Op. cit. 10. 


The range pore space fine-grained sediments found natural deposits 
large, ranging 90% volume recently deposited muds.(12) The 
porosity clays and shales, deposited probably water, and buried great 
depths discussed Hollis Hedberg.(13) detailed discussion the por- 


osity rocks with many data pore space given Oscar Meinzer.(14) 
Many other data are given Table 
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Effect Pore Space and Water Strength.—Where pore space water 
content large sediments, there little strength. Deposits silt (loess) 
northeastern Iowa, locally known “soft spots”, are found shallow depths 
beneath the ground surface with about 37% pore space (Table No. The 
pore space practically filled with water all times. The water content be- 


TABLE 4.—EFFECT POROSITY THE STRENGTH 
CERTAIN MATERIALS 


Strength 
Type Material Porosity, (wet) 
Siltstone, footing Kans. Bridge, Topeka, Kans. 
Shale, well section, Venezuela 
Shale, English coal measure, average 
Gravel-loess, Omaha Airport after 1943 flood 
Shale, well section, Venezuela 
Shale, well section, Venezuela 
Clay, average American clays 
Shale, well section Venezuela 
Roadbed, Omaha Airport, silty clay 
Roadbed, Omaha Airport, silty clay 32.5 100 
Roadbed, Omaha Airport, silty clay 32.6 Fair 
Shale, well section Venezuela 33.63 260 
Roadbed, Omaha Airport, silty clay 34.1 
Roadbed, typical loess “soft spot,” N.E. Iowa 37.0 Very low 
Roadbed, Omaha Airport, silty clay 41.0 
Roadbed, Omaha Airport after flood, avg. 32.6 Saturated 94% 
Roadbed, do. 35.5 Saturated 94% 
Roadbed, do. min., 30.5 Saturated 90% 
Pavement base, do. avg., 14.6 Saturated 78% 
Pavement base, do. max., 17.8 Saturated 75% 
Pavement base, min., 12.5 Saturated 78% 


References, items: 


Mullis, Ira B., Unpublished test, only percent moisture content. Like other wet 
earth, slakes only when dry. 

2,5,6,8,12 Hedberg, Hollis D., The Effect Gravitational Compaction the Structure 
Sedimentary Rocks, Bull. Am. Assn. Petrol. Geologists, 10, pt. pp. 1035- 
1072. 

3,7 Leith, C.K. and W.J. Mead, Metamorphic Geology, pp. 69-72, 1915. 

4,9,10,11,13,15 Campen, W.H., Discussion, Principles Applying Highway Roadbeds, 
Ira Mullis, Trans., ASCE, 104 (1939) pp. 1403-1405. 

16-21 Campen, W.H. and J.R. Smith, The Behavior Densified Soil-Water Mixtures 


Under Very Adverse Conditions, Proc. Highway Res. Bd., 23, pp. 450-459, 
Tables and 


Mullis, Ira B., Unpublished report. 


ing adequate produce very plastic condition, the ability the silt sup- 
port traffic inadequate, even for light traffic, unless the bedof silt deeply 
buried. 

tothe Iowa silt, another silt far below the bedof the Kansas River 
Topeka (Table No. 1), supports reinforced concrete bridge. The latter 
bedof silt sohard that excavation was the use drills and ex- 
plosives. The water content was and the pore space about 5%. This silt 
gives adequate support the bridge. 
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Loss bearing capacity sediments solid rocks seems con- 
dition due increase pore space and decrease bond between particles. 
Hence, pore space small and bond strong, bearing capacity also will 
large; however, any increase pore space weakening the bond lessens 
the strength the mass. Also, given pore space, weak destroyed 
small increase water; but strong bond destroyed only corre- 
spondingly large increase water. Hence, the strength coherent earth 
measured pore space and strength bond. 

Slaking.—Slaking seems occur only when partly dry coherent earth 
incontact with water. All seem know that dry earth begins disintegrate 
slake water, but record has been found stating that sediments with 
their pore spaces filled with water not slake. Observation this phenome- 
non first came within the experience this research during the construction 
Utah FAP 51-A U.S. 40, between Salt Lake City and the Utah-Nevada 
boundary line 1923. Moist blocks the compacted silty clay that had fallen 
into salty water had not slakedafter more than year submergence. Speci- 
mens other types earth molded into moist compact condition, failed 
slake fresh water after months submergence. Certainly wet earth can 
eroded, though does not slake. 

During excavations bed consolidated silt, many feet beneath the bed 
the Kansas River, the material was hard that removal was done only 
means drills and No. 1). Chunks the material did not 
slake water pore space was already filled; but ondrying tothe point where 
hair cracking began, slaked rapidly cream-like consistency. 

Properties Silt.—Silt produced high latitudes mainly the result 
rock grinding, such that done glaciers, and consists primarily fresh 
rock flour with little decomposition; consequently, its bond strength negligi- 
ble. contrast, silt produced the tropics apt undergo more decompo- 
sition with disintegration; therefore, its bond strength tends somewhat 
greater than that fresh silt. The properties tropical silt, therefore, may 
considered intermediate between polar silt and clay. 

Beds silt buried depths that prevent evaporation, tend toward aconstant 
water content. This condition has been observed many times thick beds 
loess where the pore space may only partly filled; beds 
loess northeastern Iowa with more covering invariably almost 
saturated (Table No. 14). Beds silt with little clay content seem 
tend toward complete saturation under favorable conditions, though more con- 
solidated beds silt not usually exceed 90% saturation. Many similar ob- 
servations have been made the moisture content silts, one set which 
included Table No. No. 21. The percentages saturation the 
roadbed and pavement bases after they had been covered water during 
period days were obtained after the flood had subsided. That 
limited pore space seems restrict the percentage saturation further 
supported Table which shows that the strongest granites absorb the least 
water. Table where the coarser-grained rocks also absorb the least water 
shown the work Kessler and Sligh.(8) 

Owing their high water content, silts freezing temperatures are prone 
produce frost boils and heaving. This characteristic will discussed under 
the heading “Frost Action”. 

Properties Clays.—Clays are aptly described Klinefelter and 
Hamlin(15) being quite literally geological trash, materials resulting 
from the decomposition rocks and minerals. They are mixtures all sorts 
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debris, including not only the clay minerals themselves, but variety 
impurities. Their most prominent property the potteror brickmaker that 
plasticity, but the roadbuilder that stickiness when wet and its 
ability maintain bond between particles with which contact. 

Classification Clays.—Although number classifications have been 
proposed, only three are utilized herein. They are follows: 


Chemical composition and environment the parent material; 
Strength the clay; and 
Usefulness the clay roadbuilding. 


The effect chemical composition pointed out the discussion igneous 
rocks, shows that powder basic rocks have greater cementing strength than 
does powder acidic rocks. has also been shown Allerton Cushman(16) 
that actual decomposition rock powder enhances the binding power these 
powders. also shows the profound effect wet-grinding rock powder 
cementation. 

Strength Clays.—Although the use clay binder crushed rock 
pavements usually regarded poor practice, work Logan Page and 
Cushman(17) found that certain clays have much greater bond strength (ce- 
menting value) than did any rock tested. For example, calcareous clay from 
Florida had cementing value excess 4,000; four clays from Virginia 
ranged from 1,500 3,059. Also the average cementing value number 
clays was excess that shales more than 400. contrast, the 
Bureau Public Roads(18) considers cementing value below low, that 
between and average and that above high. might well stat- 
that only certain basic rocks, usually altered ones, test high more 
than 500, the highest. value recorded, the bulletin. values excess 
500 are unusually large, values excess 500 are recorded 500+. 
Limestones and dolomite have been known test 100 higher. 

The probable reason for regarding the use clay binder for crushed 
rock pavements poor practice, may well attributed the past lack 
adequate facilities for drying, pulverizing, and proportioning the binder and 
the aggregate. Topsoil once was not favored binder, but now this con- 
sidered good practice. Observation case the successful use clay 
binder for crushed rock road has come within the observation this 
research. Although machinery for the preparation and mixing binder and 
crushed rock was not available, asatisfactory surface was maintained for slow- 
moving traffic some yr. would seem that with the laboratory and 
construction facilities now available, the development satisfactory clay- 
aggregate base urgent. The use topsoil should discouraged because 
the many years required develop soil that will grow crops. 

Experience with sand, gravel, and crushed rock laidin thin layerson gumbo 
andother heavy types can made become smooth, stable, 
and stronger thanthe less sticky clays. course, like all clay-bonded aggre- 
gates, the surface must treated with sand-asphalt covering protect 
against ravelling during dry weather. 

For the convenience those who may need preliminary information the 
strength certain types clays binders, Tables and are present- 
ed. may seen, the authors the tables were recognized leaders the 
time they were written. The tables are intended give the research worker 
preliminary information guide him the selection binders. Final se- 
lection should made only after additional tests available clays. His se- 
lection may then compared with clays the tables for comparison, after 
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which able judge the strength the clay selected. Additional infor- 
mationon clays may found reports clays issued most the states. 

Effect Parent Material and Drainage Clay Type.—Clays weathered 
from acidic rocks such granite and rhyolite tend, except under conditions 


TABLE 5.—MODULUS 
RUPTURE CLAYS, 
POUNDS PER 


TABLE 6.—MODULUS RUPTURE 
CERTAIN CLAY TYPES, POUNDS 
PER SQUARE INCH® 


SQUARE INCH 


Type Clay Modulus 


Description Modulus 


Washed kaolin 75-200 
Low 100 White sedimentary kaolin, Ga., S.C. 150-166 
Ball clay 25-600 
Medium low 100 200 Crucible Clay 187-691 
Refractory bond clay 395-1093 
Medium 200 400 Glass pot clay 173-1068 
Sagger clay 46-474 
Medium high 400 800 Stoneware clay 94-678 
Sewer pipe clay 190-589 


High Over 800 Brick clay 50-1500 


Watts, A.S., Ceram. 
Soc., VI, 247, 1920. 


Ries, Heinrich, Clays, Their Occurrence, 
Properties and Uses, 3rd Ed., 212, 1927. 


lin type. This type one the weakest and most fragile clays when dry, and 
has little stickiness when wet. This type clay usually, not always, de- 
veloped slopes where drainage good. However, where drainage poor 


TABLE 7.—COMPARATIVE STRENGTHS, POUNDS PER SQUARE INCH, 
CLAYS WITH AND WITHOUT 


Without sand 


With 50% sand 


Speci men Com- Trans- Com- 


Ball clays 565-1148 135-210 375-558 464-777 124-180 242-330 
Plastic clays 631- 954 155-172 484-520 476-553 113-150 216-280 
Shales 636- 806 126-187 311-403 403-449 77-111 178-237 
Plastic kaolins 455- 539 104-147 239-325 286-559 54-110 122-210 
Primary kaolins 205- 349 34- 74-166 164-172 29- 56- 


Ries, Heinrich, Clays, Their Occurrence, Properties and Uses, 3rd Ed., 221, 
1927. 


and alkaliesor alkaline earthis present, granite may weather into tough sticky 
clay.(19) 


Clays weathered from basic rocks such basalt and gabbro tend, except 
under unfavorable conditions described Ross and Hendricks, weather into 
This type very sticky when wet and tough 


montmorillonite type clay. 
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when dry. Bentonite and gumbo clays the Mississippi Valley belong the 
montmorillonite type. Iredell, Susquehanna, and White Store clays the south- 
eastern part the United States(19) also belong the montmorillonite type. 
Strength several types clay, including kaolin and gumbo, are shown 
Table Tables and also show relative strengths number clays. 

Clays derived from the weathering limestone, also basic rock, when 
found poorly drained areas with abundant rainfall are noted for stickiness 
when wet and toughness when dry. Houston and Sumter clays developed from 
soft chalky limestones the warm humid climates Texas and Alabama, re- 
spectively, are extremely sticky when tough when dry. Again, should 
stated that these are developed flat lands.(20) contrast, Brackett and 
Clark sediments, also developed from well-drained calcareous materials under 
arid conditions the plains Texas and Kansas, respectively, contain little 
clay and hence little stickiness.(21) Thus one may again see the effect 
temperature, drainage the type sediment derived from rocks. 

Research Clays.—In recent years several organizations have contribut- 
much knowledge useful the highway engineer. Among these the United 


TABLE 8.—TENSILE STRENGTHS POUNDS PER SQUARE INCH, 
135 MISSOURI 


Average 


Flint-clays 


Kaolins 

Fire-clays and pottery clays 284 
Shales 192 
Gumbo 275 410 


Loess 354 


Mo. Geol. Survey, XI, 111. Recorded Reis, Heinrich, Clays, Their Occur- 
rence, Properties and Uses, 2nd Ed., 150, 1914. 


States Geological Survey and the American Ceramic Society are important con- 
tributors. Excellent work and extensive bibliography have been published 
Ross and Paul Kerr,(22) another Ross and Hendricks and book 
Ralph Grim.(23) The textbook soils Baver also suggested.(24) 


SOILS 


Definition.—A short specific definition the word “soil” one given ina 
glossary the United States Department Agriculture(25) “The natural 
medium for the growth land plants”. Simonson has described(20) “What 
Soils Are” and Russell(20) described their “Physical Properties”. Chester 
Longwell and Richard Flint(26) also add the foregoing information 
soils. 

Moreover, every soil must consist mineral and organic matter, water 
and air; must have profile two more parallel tothe land 
surface; and must also contain bacteria and fungi break down the organic 
matter for the use plants. 

contrast, materials best adapted roadbeds are those 
devoid organic matter and should have water and air contents restricted 


Clay Range 
150 
340 
150 
ay 


very small percentages. However, grasses and plants are essential the 
prevention erosion and the preservation natural beauty, soil should 
stripped prior grading operations for the support grasses and plants along 
the roadway. 

organic matter should not included roadbeds and essential 
medium for roadside development, should kept apart from infertile sedi- 
ment andeach utilized its place. Both types cannot, with impunity, called 
leads confusion. For example, during field check the road 
plans, the horticulturist roadside development specifies that fertile “top- 
soil” given area shall stockpiled for plants and another area the 
“soils engineer” specifies infertile “topsoil” for the the top 
the roadbed. Each refers the respective materials “topsoil.” Obviously, 
much confusion arises. Although the word soil, through priority use, should 
restricted its agricultural meaning, the habit applying all sedi- 
mantle firmly fixed the highway field that hardly hope 
for change. 

Source Soil.—The source soil is, part, from parent material (sedi- 
ment), another part from the decay plant and other organic matter and 
still other parts from water, air, etc. 

Rate Soil Formation.—As soil scientists agree that the rate soil de- 
slow and its development requires much longer time than 
human generation, must conserved. Some guess that fair soil might de- 
velop 100 200 yr,(27) and the shortest far found for volcanic ash 
develop into soil hot humid climate yr.(27) is, therefore, apparent 
infertile sediments are more valuable for making roadbeds, soils should 
conserved for the growing plants for food and other purposes for which 
infertile sediments are not adapted. 

Contrasts Between Productive Soils and Stable Sediments Although the dif- 
ference between productive soils and stable sediments seem apparent glance, 
one often hears the word “soil” applied any loose earthy material properly 
called mantle sediment. The basis this statementis not the 
the writer, but rests upon well-established practice and authentic treatises 
soils written long before any organized work had been started materials 
for roadbeds. For this reason, agricultural workers have the right priority 
use the word soil. Evidence this fact cited Twenhofel(10) who 
states that the field geology now known sedimentation had its beginning 
during the last quarter the nineteenth century and that “The first decade 
the present century (1939) witnessed the slow rise sedimentation di- 
vision geology”. everyone knows, science demands the use the most 
precise terms possible avoid misunderstanding. there are many kinds 
soil and sediment, seems that for the sake clarity one should use 
more descriptive word unless speaking the most generalterms. 
also seems that more emphasis should given type sediment and its 
state consolidation. 

For these reasons the following contrasts are listed: 


Productive soils Compact sediments 


not support heavy loads 
Contain much pore space 
Have large capacity for water 
Possess high permeability 
Require abundant air content 


Support heavy loads 

Contain little pore space 

Have small capacity for water 
Possess low permeability 
Require little air content 


40 
| 
| 
| 
q 
1 
a 
| 
4 | 
i 
| 
| 
4 
4 he | 


ROADBEDS 


Require much organic matter Require organic matter 
Need abundant bacteria Need bacteria 


Are well-suited for plants Are ill-suited for plants 


Productive soils slopes need surface drainage, but those flats need 
both surface and sub-drainage. course, suchas barnyards 
need sub-drainage, though they may need surface drainage prevent erosion. 


ROADBEDS 


Definition.—A roadbed defined the Merriam-Webster Dictionary 
follows: “In railroads, the bed which the superstructure (ties, rails, etc.) 
rests; also, the ballaston which the ties rest. common roads, the whole ma- 
terial laid place and ready for travel”. 

this paper, however, the roadbed restricted the body compacted 
earthy matter, including the protective surface pavement base. Laterally, 
extends from edge edge the roadway and depth extends firm 
ground ground that confined the extent that cannot flow under the 
anticipated load. 

the construction the roadbed approaches the elevation the subgrade, 
that is, the protective surface, pore space should reduced low value and 
the bonding clay utilized should excellent quality. is, course, the 
upper part the roadbed where the greatest strength needed and consider- 
able effort should exercised develop the utmost strength attainable from 
local materials. Obviously, adequate strength attained throughout the road- 
bed, the necessity thick and expensive lessened and per- 
haps avoided. If, perchance, the roadbed composed coarse well-graded 
sand mixed withan adequate amount strong clay binder, compacted until the 
total pore space not more than about 15% and shows high value stability, 
might well serve pavement base also. 

Strength Roadbed Materials.—Before designing the roadbed impera- 
tive that the strength local materials, that is, materials which the road- 
bed formed, determined. moist earth the material that must 
utilized the limit its capacity for strength, should pre-tested 
determine its stability when its pore space reduced the lowest practical 
value and about 90% filled with water. convenient apparatus for making this 
test the well-known Hubbard- Field instrument designed for use 
ing the stability asphalt mixes.(28) 

Observations cited the Introduction seem indicate that the empirical 
method constructing roadbeds compacting them “maximum density 
optimum moisture” not adequate. This should expected the predicted 
strength measured only the input energy applied compaction. 
course, many examples have been cited showing that the method adequate 
for certain well-graded materials, but this might well regarded coinci- 
dence since output energy rarely equal input. Sand uniform size, 
like ball bearings, cannot have its pore space reduced except through the break- 
age the units matter. Although strength materials may estimated 
various methods, accuracy never attained except weighing. 

The Density-Strength Relationship.—The most prevalent method for esti- 
mating the strength bodies earth the present time (1960) that known 
the density-strength relationship. the actual material which wood 
composed has apparent specific gravity, defined ASTM(E 12-27), about 
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1.54 for all species, apparent that for given bulk specific gravity (bulk 
density, brief), pore space almost constant. For this reason, the state- 
ment frequently made that the density-strength relationship splendid 
one. contrast, the apparent density rocks and sediments has wide range. 
For example, where the apparent density rocks ranges between 2.50 and 
2.96, the computed pore space may have range much 10% sedi- 
ments having bulk density say 1.70, 1.80, 1.90. Where hematite other 
heavy rocks abound, variation pore space became correspondingly greater. 
This range variation bulk density for certain value pore space 


TABLE 9.—INTERRELATIONSHIP PORE SPACE, WATER CONTENT 
AND STRENGTH? 


Density 
grams per Percentage water, 
cubic centi- weight 
meter pounds 
Content 


(future 


(1) (2) (3) (4) 


2.72 
2.72 12.0 
2.72 13.9 
2.72 13.4 
2.72 12.0 
2.72 14.5 
2.72 14.7 
2.72 1.97| 13.9 
2.72 17.6 
2.72 1.73 21.0 
16b 2.72 30.4 


Basic data from Proctor, R.R., Fundamental Principles Soil Compaction, Eng. 
News-Record, Sept. 21, 1933, 350. Estimated 90% value Col. Future 
strength will lessened only when Col. exceeds value shown Col. Rejected 
for use the specifications require strength not less than 300 psi. 


adequate reason for expressing condition compaction terms total pore 
space instead bulk density. 

now seems essential that the history the method, “maximum density 
optimum water content” theory reviewed and the original purpose clarified. 
The paper Proctor(29) states that the method designed secure 
the compaction soils the density which actual test essential ob- 
tain water-tightness and stability the dam. Water-tightness rate per- 
colation and stability were restricted definite amounts. Minimum stability 
was set 300 psi when the pore space was saturated with water. Where re- 
sistance load was less than 300 psi, stated that the weight the roller 


Apparent Bulk (origi- inch 
nal) 
mum) 
11.5 12.2 26.8 85.1 3,000 
11.0 10.8 24.5 91.6 2,500 
11.4 12.5 27.5 82.0 2,000 
12.0 12.1 26.6 89.5 1,500 
11.2 10.8 24.5 93.4 1,450 
12.5 13.0 28.2 86.2 1,400 
13.0 13.2 28.6 88.5 1,200 
12.0 12.5 27.5 86.2 1,000 
13.5 18.0 35.3 67.5 850 
15.2 15.8 32.3 86.2 750 
22.5 22.2 40.0 91.0 650 
18.5 18.4 35.6 90.0 525 
16.8 18.4 35.6 82.2 425 
18.8 18.9 36.4 89.5 300 
29.3 27.4 45.2 96.4 120¢ 
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must increased approximately the same ratio the increase the re- 
quired needle reading. Moreover, should emphasized that, noted pre- 
viously, the measure water-tightness and stability were determined the 


TABLE 10.—INTERRE LATIONSHIP PORE SPACE, WATER CONTENT 
AND STRENGTH 


Density 
grams per Percentage water, Strength, 
cubic centi- weight Percentage Percentage 
meter total original pounds 
Number Content pore per 
Content (future space tion square 
Apparent Bulk |Capacity (origi- inch 
nal) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
2.72 21.0 16.0 18.9 36.4 76.1 
2.72 22.0 16.3 19.8 37.5 74.0 

2.72 23.5 17.3 21.2 39.0 73.5 
2.72 25.7 16.1 23.1 41.1 62.6 
2.72 22.0 16.4 19.8 37.5 74.5 
2.72 24.6 16.7 22.1 40.0 67.8 

2.72 22.0 17.0 19.8 37.5 77.2 

2.72 24.6 17.8 22.1 40.0 72.3 

2.72 1.58| 26.6 17.4 23.9 41.9 65.5 
2.72 26.6 15.1 23.9 41.9 56.7 

2.72 19.4 19.5 37.1 89.2 

2.72 19.3 19.5 37.1 88.9 
2.72 27.3 15.8 24.6 42.6 57.9 

2.72 22.4 20.0 20.2 37.9 89.2 

2.72 19.0 19.5 37.1 87.5 

2.72 22.7 17.6 20.4 38.2 77.5 

2.72 22.7 19.5 20.4 38.2 85.9 

2.72 21.4 19.1 19.2 36.7 89.1 

2.72 23.5 20.9 21.2 39.0 89.0 

2.72 22.4 19.3 20.2 37.9 86.0 

2.72 1.69| 22.4 18.4 20.2 37.9 82.0 

2.72 1.65| 23.8 18.9 21.4 39.3 79.4 

2.72 23.8 21.7 21.4 39.3 91.1 

2.72 24.9 22.5 22.4 40.4 90.1 

2.72 24.6 21.7 22.1 40.0 88.1 

2.72 25.3 22.7 22.8 40.8 89.7 

2.72 25.7 22.5 23.1 41.1 87.5 

2.72 26.6 22.1 23.9 41.9 83.0 

2.72 26.9 25.4 24.2 42.2 91.0 

2.72 27.8 24.6 25.0 43.0 88.5 


Percentage water based dry weight the material. Probable future water con- 
tent based widespread experience that total pore space does not usually become 
more than 90% saturated. Future strength will lessened only when Col. exceeds 
value Col. 


actual test percolation and stability was measured means needle read- 


ings expressed pounds per square inch, but not from the bulk density the 
dam. 
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Density, seems, was considered merely means for obtaining water- 
tightness and stability. Laboratory compaction was accomplished means 
hammer applied with firm 12-in. strokes. Later, someone changed 
the firm 12-in. strokes 12-in. drops. The change became standard procedure. 
The difference results the two methods may found comparing Table 
with Table the original method. Still later, aneffort further increase 
the bulk density, the weight the hammer was increased and 
in. Various methods, such lessening the thickness apply- 
ing greater strokes with the hammer have also been added. These 
changes evidently indicate lack entire satisfaction results offered 
previous methods. 

Effect Total Pore Space and Water Content mea- 
suring the energy applied attain density, seems more logical measure 
results terms resistance load and weather. The superiority mea- 
suring quality ability resist weather and load will exemplified 
Tables 10, and 11. 

and The other data are computed from the original data. facilitate com- 
putations, the originaldata which were expressedin pounds per cubic foot, have 
been grams per cubic centimeter. The convenience this sys- 
tem should apparent the tables. Reasons for arranging the data tables 
the form here used, instead the usual density, water content, air voids 
and strength graph, are follows: Cols. and control the value Col. 
and facilitate checking; Cols. and govern the value Col. Col. indi- 
cates the capacity contain values Col. Col. computed 90% Col. 
indicate the probable maximum saturation expected; Col. governed 
the relationship Col. Col. the time construction; and Col. 
indicates the strength the time construction. 

The advantage having several tests identical samples arranged 
Table enables one analyze the effects certain properties strength 
the time construction and also the future. Such data provide oppor- 
tunity know the present strength and that the future also. If, for example, 
one has information idea that certaincompacted sediment not likely 
attain 90% saturation, positionto soak itafter lower percentage 
saturation and determine the more probable limit expected. Again, 
the need making multiple tests stressed. 

Before leaving Table 9,comments are made follows: the accepted 
specimens tested, had total saturation 90% greater, had value 
between 85% and 89% and the remaining specimens less than 85%. 

the 30tests shownin Table 10,3 have saturation value 90% great- 
er, have value between 85% and 89% and the remainder value less than 
85%. 

the tests Table 11, none has saturationof much have 
saturation value 85% 89% and less than 85%. 

condition that indicates inadequate compaction. This statement verified 
the lowered strength indicated where identical samples with greater total 
pore space higher per cent saturation found. 

Many observations made during this research total pore space have led 
the belief that when value 40% been reached, one should ex- 
pect the strength for use roadbed. Moreover, when road- 
bed very weak, error testing may not accurately reflected total 


: 
3 He 
a 
gan 
wal 
The 
4 
od 
ie 
ica, 
% 1 
i 


ROADBEDS 


pore space andits per centof saturation. This seems indicated several 
low-strength tests Tables and 11. 

Table has been compiled show whether not offers qualitative 
support Tables 10, and11. The data Table show that the sources 


TABLE 11.—INTERRE LATIONSHIP PORE SPACE, WATER CONTENT 
AND STRENGTH 


Density 


Number 


Percentage water, 


weight 


Percentage Strength, 


pore satura- value 
space tion 


(4) 
10.6 7.5 9.5 105 
10.8 7.8 9.7 
13.0 10.0 11.7 
13.8 10.0 12.4 
13.5 9.8 12.1 
23a 10.6 7.5 9.5 102 
12.0 9.0 10.8 
23b 12.5 9.0 11.3 
23d 13.2 11.6 11.9 
20c 15.7 13.5 14.1 100 
20a 24.7 19.5 22.2 
20b 34.7 28.0 
20a 24.7 20.0 
20c 15.4 13.5 13.8 
15.2 13.0 13.7 
15.1 13.0 13.6 
18a 23.7 21.3 
18a 17.6 
18b 19.1 
18b 21.6 
19.7 
19.9 
23.4 
21.6 
23.8 


Percentage water based dry weight. 


Probable future saturation based 


the assumption that pore space likely become 90% saturated. The letter following 
the sample number designates the method compaction; the letter “a” indicates the 
modified Proctor method; the letter “b”, the standard Proctor method; the letter 
the Porter static method and the letter “d”, the 15-blow Proctor method. Future 
strength will lessened only when Col. exceeds value Col. 


from which the data are obtained seem indicate that when total pore space 
approaches value about 30%, quality regarded only fair lower. 
When value 40% more found, one may expect poor unsatisfactory 
conditions. Table modification Table intended only for rough 
estimates quality expected. 


meter 

maxi- 

nal) 


Additional Examples the Porosity-Strength Relationship.—Table sup- 
plements data Tables these, examples the Omaha Air- 
port after the flood 1943 had covered during period days 
without failure, are impressive. Data this example are shown Items 
21. Data siltstone (compacted silt), Item and unconsolidated silt, Item 


14, exemplify the effect compaction the resistance silt under the con- 
ditions cited. 


TABLE 12.—QUALITY ROADBEDS RATED PORE SPACE 


Percent pore space 


Quality 


Excellent 

Good 

Good 

Good 

Fair 

Good- Poor 

frostboils 

Frostboils 

Poor-Very 

poor 

Poor 

Pumping 

Unsatisfactory 

Unsatisfactory 


Public Roads Administration, Principles Highway Construction, pp. 60-61, 
Table 1943. Fractional percents left off. Woods Litehiser, Summary Test 
Averages 467 Ohio Soil Samples, Ohio Eng. Exp. Sta. Bull. 99, 42, Jul. 1938. 
Fractional percents left off. Highway Research Bd., Road Test ONE-MD, Highway 
Res. Bd., Spec. Rept. 1952, Table 19. Values are average values. Hicks, L.D., 
Observations Moisture Contents and Densities Soil-Type Bases and Their Sub- 
grades (NC), Proc. Highway Res. Bd., Dec. 6-10, 1948, 492. Fractional percents left 
off. Mullis, Ira B., Design Roadbeds, Trans. ASCE, 111, (1946), pp. 699-742, 
Table 12. Woods, K.B. and T.E. Shelburn, Report Committee Maintenance 


Concrete Pavements Related Pumping Action Slabs, Proc. Highway Res. Bd., 
Natl. Res. Council, 23, 1943, 309. 


Rate Saturation Earthwork.—Rate saturation must dependon num- 
ber variables, including continuity pores, number and size openings and 
perhaps other variables. For example, freshly cultivated field becomes 
thoroughly soaked after hours rain, but well-trodden and puddled 
barnyard rigid sand-clay road surface offers enormous resistance com- 
plete saturation (Tables and 4). 

only one case has measured rate saturationcome within the scope 
this research. December, 1937, the Division Tests and Research, Iowa 
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State Highway Commission, under the direction Bert Myers, excavated five 
pits near its laboratory Ames depths in. and backfilled them with 
tamped earih various types. Two pits contained loess, one contained glacial 
clay and the remaining two, referred pilot pits, were made earth 
excavated from the pits. Through the courtesy James the State’s 
Research Department, five sets tests, the last one June 1941, have 
been made available for this research follows: The two loess pits with 
average pore space 36% that remained constant during nearly the 
depth in. in., increased saturation from 72% 91%; glacial clay 
through the same period and depth, with average pore space 26% that re- 
mained constant increased saturation from 62% 83%; one pilot pit during 
the same period and depth with average pore space 40% that remained 
constant increased saturation from 30% remaining pilot pit dur- 
ing the same period and depth had average pore space that remained con- 
stant 40%, increased saturation from 40% 61%. Computation per- 
centage pore space and saturation the sole responsibility this paper, 


determined from the density and moisture measurements obtained from the 
source mentioned. 


TABLE 13.—TENTATIVE CLASSIFICATION ROADBEDS, 
FOR PRE LIMINARY WORK ONLY 
Density Total 
Apparent pore space 
5.0 


Voids 
ratio 


Quality 


Excellent 
Excellent 
Very good 
Good 

Fair 

Fair 

Poor 

Very poor 
Unsatisfactory 


10.0 
15.0 


POF 


all the pits the increase saturation shown reasonably con- 
stant and, the basis findings already presented, seems that the loess 
pits had probably approached their limit;on the same basis seems probable 
that the glacial clay with slower rate increase might expected con- 
tinue for some time before approaching its limit; the two pilot pits also re- 
mained considerable below the maximum saturation value found certain 
rocks shown Table the roadbeds the Omaha Airport (Table 4). 

Capillary experiments capillary action made 
too late included report made the writer(30) using the method de- 
scribed Lynde and Dupre completely refutes the belief that capillary water 
can accumulate under surfaces that restrict prevent evaporation. The sup- 
plemental findings the report mentioned are follows: 


When the funnel containing the sediment undergoing the capillary test 
was covered pane glass that prevented evaporation, the rise the water 


column stopped once. Upon removal the cover, upward movement the 
column water started once. 


20.0 
25.0 
30.0 
35.0 
40.0 
45.0 


When fan was directed toward the surface under capillary 
test, course, evaporation was accelerated; hence, capillary rise was also 
accelerated. When the fan was turned away from the wet surface the sedi- 
ment, capillary movement resumed its humid weather, 
course, the rate evaporation was reduced; hence the rate capillary rise 
was correspondingly reduced. 

When few drops water were placed the sediment under test, the 
column water dropped proportion the volume water placed the 
sediment. When sufficient volume water was added the sediment, com- 
plete drainage the column water followed. When complete drainage was 
produced, air entered the system and prevented another capillary rise until 
air had been removed from the system. 


is, therefore, apparent that capillary action dominated air, evapo- 
ration, and suction the sediment. The conditions cited seem invalidate 
the belief that water from capillary action can accumulate under pavement. 

Frost Action.—During this research special attention was given the ef- 
fect frost action parts the United States where causes roadbed failures. 
the many examinations made during the periods freezing, the outstanding 
areas included are the central part Maine, Rhode Island, Ohio, northern 
Iowa, and northern Minnesota. Although other localities have also been ex- 
amined during periods frost action, these will serve examples severe 
conditions. 

Without reciting numerous details contributing frost action roadbeds, 
only three conditions seem essential the formation soft spots due frost. 
These are porous roadbeds, water, and freezing temperatures. This leads 
the further statement that any increase pore space, water lower- 
ing temperature increases the magnitude the action. Obviously, the num- 
ber cycles freezing and thawing increases the pore space, provided water 
available for filling the pore space during thaws. water 
melting snow higher ground without intercepting drains. Another con- 
dition favorable frost action occurs when soaking rain quickly followed 
deep freeze. This common observation made many. 

Conditions favorable high porosity are silts, sand, organic matter, mica 
flakes, diatomaceous earth, unconsolidated beds clay, etc. Areas these 
beds are well-known locations frost action. Frost action also induced 
the absence wind the presence shade. 

Conditions unfavorable frost action are consolidated beds made any 
type earthy matter protected against cycles wetting and drying other 
causes that disintegrate the surface. place included this research has 
soft spot frost boil been found consolidated beds. 

valid reason for consolidated beds failing heave under freezing tempera- 
tures due limited pore space, rarely filled with water. The remaining 
space course, filled with air and the water and air content resist the en- 
trance additional water. However, pore space 90% filled with 
water and freezing occurs, expansion due freezing being only about 9%, the 
pore space becomes only 99% filled. course, heaving occurs until the 
pore space becomes filled. should observed, however, that pore space 
rocks and sediments rarely becomes 90% filled shown Tables 
and Reference 

support the statement that frost action reduced the minimum 
entirely lacking rocks and sediments very limited pore space, was ob- 
served that very dense rock formation near Duluth, Minn., had been planed 
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ROADBEDS 


offand deeply grooved glacial action, but appeared though the 
action had been recent occurrence. Here temperatures -60° are not 
uncommon. 

contrast the foregoing statement, Don Leet and Sheldon Judson(32) 
say that obvious requirements for destructive frost action are supply water, 
porous host material, and temperatures that move back and forth across the 
freezing line. The authors also give anexample the marked effectiveness 
frost action chips from sandstone monument the Burying Ground 
Christ Church, Cambridge, Mass. (The porosity building sandstones 
said 6.9% 25.5%(6)). Additional support given Longwell and Flint 
statement saying that freezing water held open spaces rocks and 
mantle commonplace all temperate and colder regions.(33) They too illus- 
trate the spalling effect weather causing sandstone column beside door— 
way Durham Castle, England, after exposure weather for 263 yr. 

capillary action increased low temperatures, this action some- 
times adds the thickness layers ice the surface; however, such 
accumulation seems possible when total pore space below reduced amounts 
specified the paper. course, much breakage has been found where the 
most solid rocks are wedged apart the action freezing water joints and 
cracks, though not otherwise. already stated, very porous rocks such 
certain sandstones limestones are often damaged frost action after the 
total pore space has been filled with water. One case has come tothe attention 
this research which argillaceous limestone had been reduced mud 
after repeated freezing and water-thawing laboratory. portland cement 
concrete pavement made this stone underwent severe disintegration also. 


COMPACTION ROADBEDS 


The basis this paper rests the fundamental fact that rocks and sedi- 
ments all kinds, regardless origin environment, are strong and re- 
sistant water and only when their pore spaces are small, contain 
little water, and have the minerals cemented together with strong sub- 
stance. Moreover, the premises set the beginning the paper should 
regarded amplification the fact just stated. Every test recorded the 
tables intended exemplify details certain principles that contribute 
the strength the rock sediment represents. Tables 10, and are 
especially useful the effect total pore space and water con- 
tent strength. Many tables are available and all support the pre- 
mises mentioned. However, close examination Table will show that 
when values are close, the effects total pore space may lead one conclude 
that itis inerror. Although the effect non-homogeneity has already been 
mentioned, the reader again cautioned about the fallacy depending ona 
Single test. Safety rests only numbers, fact well-known among testing 
engineers. 

Compaction Procedure.—As the basis the paper intended rest only 
fact, every effort should made determine whether the basis 
not fact. This can best done through the the scientific method, 
also known “The Method Multiple Working Hypothesis”.(31) The method 
consists arranging related facts according definite idea which 
shall explain them all consistently. Safely lies numbers and one hypothe- 
sis, and one met all tests that one could devise, then one not justi- 
fied adopting that hypothesis true? accordance with this method the 
procedure suggested follows: 
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Subject each the premises which the paper based every test 
that can devised; 

Scrutinize the interrelationship items Cols. Tables 10, 
and and compare the findings with other parts the paper effort 
find harmony discord; 

harmony with the properties minerals, rocks and sediments; and 

hypothesis and tested until truth established. truth fact the only 
authority the field science, one should refrain from the acceptance 
source proof fact. 


Having followed the process suggested, one should now position 
test the validity the information received from any source. 

Laboratory Tests.—As the equipment required simple, seems probable 
that most road laboratories will need little extra equipment. Under the 
definition roadbeds, the pavement base, where needed, included; hence, 
crushed rock gravel should available. Moreover, the lower part the 
roadbed may include coarse material. For this reason two sizes cylinders 
will required. For fine and coarse sediments desirable that compaction 
and for 2-in. and 6-in. specimens provided. Cylinders are 
identical those use for the Hubbard- Field stability test for asphaltic mix- 
tures. Other cylinders now use, including those triaxial tests may also 
utilized. such those used with the Hubbard-Field apparatus 
are satisfactory. Strength tests may the form stabili- 
ty, compression triaxial tests. the compacted specimens are never dry 
the roadbed, they should, course, tested with the water contained 
the time formation. 

Specimens for strength tests are expected conform Premises 10, 12, 
13, and 16. These and other premises set are believed give adequate 
reasons for the several factors embodied the specimens. 

Premise believed ample reason for the reduction total pore 
space. Under this premise the percentage total must restrict- 
the value required resist certain specified load. 

Occasionally one hears the statement that fine sediments roadbeds may 
compacted too much for ideal results. yet, adequate reason has been 
found that seems support the belief. For examples, shale (Table Nos. 
and more resistant load and weather than the average clay with 
total pore space No. 17). The principal difference between clay 
and shale that total pore space and water content, especially the less 
compacted values that have not lost their property plasticity. 

some may doubt the validity Premise 15, fact may established 
porosity-strength tests needed onall types roadbed materials. determine 
this relationship, specimens high, low and medium total pore space, 
Premise 13, should prepared and subjected the strength test with its 
water content the time compaction. course, strength values may 
extended the well-known method interpolation extrapolation. give 
confidence, extended values should verified actual test. Obviously, the 
actual determination the porosity-strength relationship when saturation 
about complete must under this method. determine the resistance 
given type material offers the entrance water when less than 
90% saturated given total pore space, its tolerance should determined 
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ROADBEDS 


for convenience and also for economy. course, the entrance water can 
determined weight and strength. 

The pavement bases follows close the procedure given for 
fine materials, however, much the work reduction total pore space 
must, course, accomplished the gradation the materials. the 
principles gradation are well-known, discussion seems out place. 

Sedimentary rocks, including consolidated specimens clay, offer greater 
resistance load and weather than their more porous and wetter equiva- 
lents. therefore suggested that strength tests made moist specimens 
fine cohesive sediments already described. Tampers should such 
shape and applied with such force that total pore space and air content will 
reduced very small values. Layers earth must thin enough allow 
ample escape air that its volume will not more than 10% the final 
total pore space. thought, the laboratory, should given whether 
not contemporary rollers can duplicate the results obtained the labora- 
tory. This separate problem for the designer field compaction equip- 
ment. Once the designer roadbeds becomes fully aware that certain mini- 
mum pore space and are essential the desired strength the 
roadbed, experience shows that when the demand becomes sufficiently urgent, 
some wide-awake manufacturer will produce the equipment. 

Pavement Base.—Inthe preparationof this paper great effort has been made 
construct each the roadbed the economic limit its capacity for 
strength. layer should expected compensate for the weakness 
underlying layer. this practice followed, the use more expensive ma- 
terial brought from distance can lessened eliminated. Under the most 
favorable conditions local material may made adequate for the top pro- 
tective surface. However, the absence suitable local aggregates, these 
must provided from other sources. 

Again, limited total pore space and strong bond are essential. pro- 
vide these, suitable materials must found and laboratory work must de- 
termine the gradation the aggregates and the particular deposit clay 
provide the strongest bond. Bond strength should, course, measured. 
the beginning the most probable source brickyard where clay already 
ground and ready for mixing. Preliminary aid the selection suitable 
clay given Tables and and additional data under the headings 
“Properties Clays,” “Classification Clays,” and “Strength Clays.” 

Proportioning the aggregates and binders preferably weight and mix- 
ing should done machine and using water content that will facilitate 
the thorough covering with thin coating clay. The mixed material should, 
course, allowed aerate until the water content allows the material 
rolled until attains the pore space planned. Total pore space should 
not more than 10%. careful planning and work can reduced lower 
values. 

The pavement base should extend within the edges the roadway 
for added strength the top the roadbed and soon becomes suffi- 
ciently dry for asphalt adhere and before traffic permitted, one more 
applications liquid asphalt should applied and blotted with sand prevent 
ravelling and evaporation. Where traffic requires hotasphaltic mix, should 
applied. 
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FOREWORD 


The function the Committee Research the Highway Division, ASCE, 
report highway research dealing with materials, traffic, geometrics, 
design, soils, economics, and detailed planning. Its purpose 


“To review the research developments any one year and select 
few significant items which are estimated have influence future 
planning, design and development any phase highways and highway 
transportation. prepare annually for publication the ASCE re- 
port summarizing such appraisal.” 


CHAPTER 


Landslides and Foundations.—The subject landslides ever- 
increasing importance highway engineers, especially regions where the 
new interstate system requires extensive cuts and deep fills. The design 
cut slopes rapidly approaching science. far the most comprehensive 


Note.—Discussion open until August 1960. Separate Discussions should sub- 
mitted for the individual papers this symposium. extend the closing date one 
month, written request must filed with the Executive Secretary, ASCE. This paper 
part the copyrighted Journal the Highway Division, Proceedings the American 
Society Civil Engineers, Vol. 86, No. March, 1960. 
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work this subject was done Edwin Eckel and his Highway Research 
Board (HRB) committee This work far the best yet developed 
the United States. The regional approach for studying landslides reported 
Robert Baker, ASCE, and Robert Chieruzzi, ASCE (2) while new 
emphasis given Swedish Slip Circle Analysis” Roger LeClerc, 
ASCE, and Robert Hansen, ASCE.(3) Foundations for high embank- 
ments are also becoming critical especially from the standpoint the design 
the slope for the embankment fill. peat bog areas and marsh deposits, 
this problem very serious one indicated Root (4) and Ray 
Ivan MacFarlane presents good review the engineering characteristics 
peat.(6) Foundation explorations continue very important subject also 
indicated Barber.(7) The vane shear method for testing foundation 
soils place has received great deal attention the last year so. 
The symposium Vane Shear Testing Soils (8) would indicate considerable 
promise for this method, especially when dealing with relatively homogeneous, 
soft materials. Throughout the St. Lawrence, Hudson, and Champlain valleys 
and along the edges the Great Lakes extensive deposits lacustrine and 
marine sediments have proven extremely troublesome all kinds earth- 
work including highway and bridge foundations. The vane shear apparatus 
being used here extensively the field method testing described 
Eden and Hamilton.(8) Also reported Pryer and Woods 
extensive field and laboratory investigation some these soft seg- 
ments along the St. Lawrence North Shore, Quebec.(10) (11) has 
also made extensive study glacial lake clays Canada and the United 
States. 

Soil Stabilization.—Soil stabilization for low-cost roads continues 
very popular many the highway, materials, and university research 
laboratories the United States and Canada. 1959, the HRB has released 
annotated bibliography stabilization soil with calcium 
Lime flyash continues interest researches (13) and even lime mixed with 
expanded shale has been studied.(14) The HRB Bulletin 193 (15) covers dura- 
bility, structural properties, chemical reactivity, plus additional field and 
laboratory studies the use lime and lime flyash additives. The litera- 
ture soil cement has developed into very extensive listing during the past 
yr, latest information being presented again Donald Davidson, 
ASCE, al, through the HRB.(17) The subject bases and subbases un- 
der flexible and highway pavements has perhaps not been emphasized 
strongly the subject warrants. years ahead granular subbases will 
probably receive increased attention. The latest information available 
found the HRB Bulletin 202.(18) 

Soil Testing and Soil Explorations.—The use aerial photographs 
identifying and mapping soil deposits including granular materials has de- 
veloped extensively since World War II. Recent developments are reported 
HRB Bulletin 180 (19) and 213.(20) Ohio’s typical moisture-density curves 
composite set typical curves developed from 10,149 tests, was reported 
Joslin. (21) These curves have wide application throughout many sec- 
tions the United States and Canada control the compaction earth- 
work. Soil density control methods with special emphasis granular ma- 
terials were reported 1957, HRB’s bulletin 159.(22) 


Numerals parentheses, thus (1), refer corresponding items under “References, 
Chapter I.” 
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Frost Heave and Frost Action Soil.—In the soil mechanics field there 
has been big up-surge the use fundamental concepts soil, water, and 
temperature the field frost action from the standpoint both highways 
and airfields. Some the fundamental concepts the soil-temperature- 
moisture relationships are reported HRB Bulletin 168.(23) Some recent 
reports the effect frost icing pavements and the load carrying 
capacity pavements are reported Preus, Tomes, Martin, Jumikis, and 
Pryer. (24) 

Miscellaneous Developments.—The effect the frequency stress appli- 
cation deformation subgrades and repeated loading are Seed and 
Chan.(25, 26) The use aerial photos for mapping large soil deposits 
for highway location and design has been reported most recently Alfreds 
Jumikis.(27) The physico-chemical properties soils receiving new 
Rosenquist (30) and William Lambe.(31) Work continues the develop- 
ment glossary terms and definitions soil mechanics and subject 
small interest highway engineers. 

Some recent information subsurface drainage highways and airports 
reported HRB Bulletin No. 209.(32) 
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CHAPTER 


Construction.—a. The slip-form paver for placing concrete pavements 
pears development which should given serious consideration any 
highway department. The original trial such machine was the state 
Iowa. Other trials have been made since, notably Colorado and Illinois, 
and sections will placed soon California using slip-form paver local 
design. 

There has been developed hand-operated Profilograph for recording 
the intimate profile pavements they are constructed the contractor, 
the purpose being enforce specifications requiring that newly constructed 
pavements meet adequate requirements for riding qualities. 

Maintenance.—a. Epoxy resins, often combination with other materials, 
for the repair pavements and structures, very promising material and 
makes possible type repair and correction hardly feasible other 
means. 

Another development which means new but may not widely 
known the use slurry seal developed Los Angeles County, Calif. This 
one the most effective and economical means for restoring the surface 
and reclaiming and old pavement which has developed extensive cracking 
and/or raveling, but which otherwise structurally sound. 

Structural Design.—a. The use erosion-resistant subgrades bases 
directly under portland cement concrete pavements. This feature, while used 
California for more than yr, does not appear have had widespread use 
other parts the United States. Subgrade treatment this type should 
have serious consideration anyone designing concrete pavements. 

Greater attention should directed towards resilience bases, sub- 
bases, the embankment soils underlying all types pavement. Attention 
should directed towards avoiding resilient materials and thus 
pavement deflection within tolerable limits. 

important consideration concrete for both structures and pave- 
ments minimize the volume change. Research work thus far conducted 
and reported indicates that attention must directed the character the 
aggregates and the composition the cement, including the maintenance 
the optimum sulfate content the cement. 

For bridge construction, substantial savings can effected through the 
use high strength heat treated alloyed weldable structural steel such 
T-1, for example. 

There have recently been developed elastomeric bridge bearing pads. 
These pads, usually neoprene rubber, with without embedded metal 
plates, appear quite successful and promise solve one the problems 
providing movement concrete beams due expansion and contraction. 
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Recent studies California and elsewhere indicate the need for selec- 
tive designs median barriers effectively separate opposing streams 
traffic divided lane highways. Full scale tests have added the informa- 
tion this problem. 

Engineers responsible for specifying asphaltic pavements 
should aware recent trends specifications for paving asphalts. 
difficult make specific recommendations this time but attention should 
directed the fact that new and improved specifications are being de- 
veloped. 

second general field improvement the so-called beneficiation 
aggregates. Methods are available for eliminating adverse types stone 
from mixed deposits. Such methods heavy media separation differ- 
ential rebound merit consideration for many aggregate sources. 

the field highway signs, engineers should aware the increas- 
ing improvement and development the realm plastics substitute for 


the older metal signs. Certain plastics promise economical, and defi- 
nitely more durable. 


CHAPTER 


Residential Land-Use Trip Generation Factors.—Among the important 
needs highway and city planners are tools for forecasting future traffic 
volumes and patterns. Residential land use constitutes approximately 80% 
land and the home represents the base which the majority resi- 
dent’s trips are oriented. Factors and procedures have been established for 
determining residential land-use trip generation, residents and nonresi- 
dents, produce quantitative evaluation residential land use affecting 
highway and transportation needs. effect, for given residential parcel 
subdivision urban land, not only can the average daily trips (by all modes 
travel) residents into and out the subdivision reliably estimated, 
but also the trips nonresidents the subdivision. 

brief, trips into and out residential area nonresidents are equal 
trips residents the pertinent area into and out other areas. The re- 
search analyses comprehensive urban transportation study data indicated 
that although automobile ownership was the best predictor total trips for 
given year, population seems better factor for predicting future trips 
the total number residents trips per person appears remain constant 
from year year, regardless automobile ownership. 

The research product value permits consistency estimates 
traffic generation quantitative basis rather than personal judgment. 

Urban Highway Traffic Assignment Research.—The construction high- 
way network adequate serve large urban area extends over period 
many years and involves the expenditure several hundred million dollars. 
Before undertaking this long and expensive task, the highway engineer, well 
others actively concerned, must know whether the network will adequately 
and efficiently accommodate future traffic. 

1959, the Bureau Public Roads (BPR), through continuing urban traffic 
assignment research, has developed improved program procedures for utiliz- 
ing high-speed computers assign, urbanized areas, estimated future 
trips complete network highways, recording the volume each in- 
dividual link well the turning movements each intersection inter- 
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change. Thus the highway engineer can now investigate series alternate 
route locations design standards and measure their effect the entire 
highway system. utilizing these procedures, traffic assignments can 
made rapidly, inexpensively, and with minimum amount manual work. 
The computer program, developed, consistent and permits the reproduc- 
tion traffic data for varying situations along given route and also for al- 
ternate locations. the option the user, provision can made the 
computer program provide for variables affecting highway operations such 
one-way streets, turn restrictions delays, and directional peak-hour 
volumes. 

The research-developed traffic assignment program has now been effect 
about six months and this time committments proposals have been made 
test some forty different highway networks five different cities. 

Estimating Proportion Urban Trips Made Transit.—In 1959 through 
continuing BPR research, equation has been established for estimating the 
comparative use transit and automobiles residents urban areas. This 
research has been based data developed travel studies carried out 
state highway departments cooperation with the BPR, supplemented data 
from planning commissions and transit operating companies. The research 
has shown that the principal factors determining the proportionate use 
automobiles and transit the residents city are population, number 
employees going work, number automobiles owned, transit-service ratio, 
land-use distribution, and urbanized land area. 

Investigation other factors and items that influence transit and automo- 
bile use, such the parking supply demand factor and travel mode and trip- 
time factor, also underway. Research work also being done the ap- 
areas. 

Highway Cost Allocation Study.—Section 210 the Federal Highway 
Revenue Act 1956, required the Secretary Commerce conduct high- 
way cost allocation study provide information the United States Con- 
gress” ...on the basis which may determine what taxes should im- 
posed the United States, and what amounts, order assure, insofar 
possible, equitable distribution the tax burden among various classes 
persons using the Federal-aid highways otherwise derived benefits from 
such highways The study has been undertaken BPR with the coopera- 
tion all the State highway departments. Other Federal and State depart- 
ments, colleges and universities, consultants, technical and scientific associ- 
ations, especially the American Association State Highway Officials 
(AASHO) and the HRB, and trade associations and other representatives in- 
dustry have also participated contributed the study. 

There has been long-standing controversy with respect the equitable 
distribution highway costs among various classes vehicles, and the ex- 
tent which highways should supported from motor-vehicle and non- 
motor-vehicle sources revenue. Various methods making such appor- 
tionments according costs-occasioned, benefits received, some combination 
cost and benefits, some other means have been attempted, but none has 
yet been devised that has received acceptance all quarters. These ques- 
tions have been given comprehensive consideration nationwide basis 
several studies conducted the past, but always heretofore sufficient factual 
information was lacking for convincing analysis the various theories pro- 
pounded. 
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tremendous program research, conducted mainly the State highway 
departments with the cooperation the BPR, has been carried connec- 
tion with the Highway Cost Allocation Study. This has included the collection 
extensive data about the motor vehicles now use, the characteristics 
their use, and their highway-user tax payments. Forecasts future vehicle 
registrations, travel, tax payments, and related values have been made. Re- 
sults the AASHO Road Test, now under way Illinois, will form impor- 
tant basis, along with these forecasts, for estimating the highway construction 
needed provide highway network adequate serve 1975 traffic. The costs 
such highways and allocations thereof cost-responsibility and benefit 
bases will estimated. Studies the economic impact highways will pro- 
vide guidance for use considering the non-highway-user benefits created 
our road networks. 

The final phase the study will include the interpretation and analysis and 
integration the findings the various investigations described above. 
Progress reports the Highway Cost Allocation Study have been prepared 
and submitted the Congress and the final report due submittedin 
January, 1961. 

Significant Developments Economic Impact Research.—The accelerated 
highway building program has been accompanied the past year in- 
creasing interest research concerning the economic and social effects 
highway facilities. Information resulting from studies the economic impact 
highways needed for such purposes hearings, right-of-way acquisition, 
public relations, and highway location and design. During 1959, some fourteen 
economic impact studies have been completed the various State highway 
departments and the BPR connection with the Highway Cost Allocation 
Study. These economic impact studies have been carried out directly State 
highway departments universities other research groups under con- 
tract with State highway department the BPR. This research has focused 
attention such matters the changes which highways may effect land 
values and land use, industrial and commercial activity, population and labor 
supply, recreation, and public utilities. 

Condemnation Property for Highways.—The accelerated pace the 
nation-wide highway program, and the emphasis expressways, has been ac- 
companied phenomenal increase the amount land needed for right- 
of-way purposes. Expressway facilities are constructed rights-of-way 
two and three times the width the conventional highway. Because large 
portion these new projects are constructed new location and many 
them are urban areas, the cost acquisition has become substantial part 
the total highway cost. Due part increase the number cases 
where land must condemned rather than acquired negotiation, the need 
for re-evaluation condemnation techniques and practices has become im- 
portant. 

meet this need, research the whole field condemnation property 
for highway purposes was undertaken the Highway Laws Committee the 
HRB. thorough review existing condemnation statutes all the States 
was undertaken, together with examination all legal decisions indicating 
the courts’ interpretation existing legislation. Two reports were published 
1958, one dealing with such matters delegation the power eminent 
domain, property which may taken, legal interest acquired, and procedures 
used, and the other concerned with court preference condemnation actions, 
and the time which the property being condemned may physically taken. 
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serve the same ends, research was undertaken committee 
the Municipal Law Section the American Bar Association, evaluate all 
court decisions condemnation actions during the past year, attempt 
establish trends the courts’ thinking, aid the preparation and con- 
duct future cases involving the acquisition property for public use. 

Acquisition Land for Future Highway Use.—The acquisition lands for 
future highway use particular importance connection with long-range 
highway programs such envisioned the Federal-Aid Highway Act 
1956. the billions dollars scheduled for expenditure the development 
the highway systems, ever-increasing percentage will spent ac- 
quiring the necessary rights-of-way. From practical point view, prudence 
dictates the use such procedures will minimize the cost acquiring 
these rights-of-way. One such procedure the acquisition needed land 
advance construction, order prevent increases property values re- 
sulting from costly developments which may take place the interim period 
between planning and actual construction. 

Since the highway official may unable acquire land for future use 
without proper legal and financial tools, research was undertaken the High- 
way Laws Project the HRB, involving the assembly and analysis all State 
statutes expressly implication authorizing such acquisition, together 
with court decisions concerning this particular procedure. The resulting re- 
port focuses attention upon those substantive legal elements factors which 
might included promulgating program acquisition land for future 
use. 

Highway Safety.—In accordance with section 117 the Federal-Aid High- 
way Act 1956, the BPR completed and submitted the Congress 
February, 1959 comprehensive report highway safety. addition toa 
complete review past and present safety research and activities, the study 
reported number special research projects undertaken specifically for 
the study. These included eleven-State study accident involvement 
relation the driver and the vehicle, study traffic and individual and 
community psychology, and intensive study accidents team com- 
posed physician, engineer, and psychologist. 
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Test Roads.—The AASHO Road Test the third series road tests 
being administered and directed the HRB. is, however, far the largest 
highway research project ever undertaken, and estimated cost about 
$22,000,000. 

The project financed all the states and the District Columbia, the 
territory Puerto Rico, the BPR, the Automobile Manufacturers Association, 
and the American Petroleum Institute, with the cooperation and assistance 
the Department Defense. 

Field testing highways various types and designs not new concept. 
The first important road test the United States was carried out the early 
1920’s Known the Bates Test Road, provided concepts road 
design which are still use. 

The present series road tests began 1950-51 when several north- 
eastern and midwestern states banded together sponsor test Maryland. 


was known Road Test One-MD, and was run existing concrete 
pavement. 
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The second test was cooperative effort group western states. 
was sponsored the Western Association State Highway Officials, and was 
run two specially constructed test loops asphaltic concrete pavement 
near Malad, Idaho, 1952-54. 

The present AASHO Road Test scientific study the performance 
highway pavements known thickness when subjected repeated passages 
vehicles applying known loads. 

The study being made facility located Ottawa, about 
miles southwest Chicago, area where climate and soil are typical wide 
areas the nation. 

The test pavements are six separated sections four-lane divided high- 
way. Turnarounds connect the lanes the ends each section form six 
elongated “loops” each having two continuous traffic lanes. 

The tangent (straight) sections the loops contain 836 separate “test sec- 
tions” representing nearly 200 different combinations various thicknesses 
surfacing, base and subbase material. Half each test loop surfaced 
with portland cement concrete, and half with asphaltic concrete. 

Ten traffic lanes five loops are subjected truck traffic about hra 
day, days week and will run for yr. Each lane carries only vehicles with 
specific axle loads and arrangements. 

The effects traffic the various test sections are measured and re- 
corded relatively complex systems electronic and mechanical instru- 
ments. 

vast amount data will collected and analyzed, providing engineering 
facts which are expected influence highway design and construction all over 
the nation, and valuable highway administrators and engineers, motor 
vehicle manufacturers, and legislative bodies. 

addition, the test findings will used studies called for Congress 
the Federal Aid Highway Act 1956. These studies are aimed deter- 
mining maximum desirable weights vehicles operated the federal 
aid highways, including the Interstate System, and determining equitable 
distribution the tax burden among various classes persons using federal 
aid highways. 

Several special studies are being made the test site. Certain sections 
the pavements have paved shoulders and special base material. Sixteen test 
bridge spans four locations are also included. 

When the testing completed, the facility will revert the State 
Illinois. After rehabilitation, the pavements the four large loops will in- 
corporated into the National System Interstate and Defense Highways. 

special unit from the United States Army Transportation Corps has been 
stationed the site provide support for the project. Men from the unit 
operate the test vehicles. housing-administration-recreation facility for the 
unit located near the east end the project. 

Construction the AASHO Road Test began late August, 1956, and em- 
bankments for the test pavements were about 95% completed mid-November. 
During this period, about 1,250,000 earth were moved. 

Workunder the original contract was completed during the spring and early 
summer 1957. This included subgrading embankments and placement 
initial layers subbase material. 

the late summer 1957, work was begun under the paving contract. 
The first phases this work included construction between-loops pilot test 
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strips. these sections pavement, the engineers and contractor experi- 
mented with certain equipment and various methods for placing the pavement 
according the specifications. 

Also completed 1957 were the four overpass bridges which carry local 
roads across the main test loops. Test bridge spans were essentially com- 
pleted, and portland cement concrete paving was begun the westerly turn- 
arounds the loops. 

Paving was resumed the spring 1958, and all rigid pavements were 
completed mid-July. All construction was completed late summer. 

The entire construction operation was carried out under controls more 
strict than any ever attempted large-scale highway operations. These con- 
trols, which required rigid inspection and assembly-line testing procedures, 
were aimed assuring test facility uniform quality. 

For example, the upper three feet the embankments was constructed with 
the prevailing fine-grained clay soil (Type A-6) placed four-inch compacted 
layers. Specifications called for the density this material held within 
certain limits (95% 100% standard) rather than merely above cer- 
tain Moisture content was specified between plus minus 
optimum. Similar specifications applied the subbase and base courses. 

Tolerances many operations were extremely close. The thickness 
each structural layer subgrade, subbase and base was controlled setting 
forms and using mechanical subgrader. Tolerance was plus 1/8 in. 

After completion the embankment, all hauling equipment was prohibited 
from using the center where the pavement was placed. This re- 
quired the development and modification certain equipment order 
place succeeding layers material from the shoulders. 

Throughout the construction phase the project, the Illinois Division 
Highways played major role. The Division was responsible for the purchase 
right-of-way, design, contractual arrangements, and supervision con- 
struction. permanent task force ten engineers was stationed Ottawa, 
work the project, and considerable aid and advice was contributed the 
Division’s top administrative and engineering personnel. 

The AASHO Road Test the first such project employ scientific 
method experiment design. Two important features this method were 
followed. These are randomization, which assures unbiased findings, and 
replication (repeating), which allows determination the reliability the 
findings. 

Another important feature the use complete factorial experiment de- 
sign which every level each factor occurs combination with every level 
all other factors. 

Throughout the AASHO Road Test facility, slab thickness levels rigid 
pavement are 2.5, 3.5, 5.0, 6.5, 8.0, 9.5, 11.0 and 12.5 in. Subbase thicknesses 
are 0,3,6 and in. 

flexible pavement, levels surfacing thickness are zero-(surface treat- 

The lightest and heaviest combinations, course, are not typical cur- 
rent design practice. However, these under-designed and over-designed 
tions are necessary order establish upper and lower limits the per- 
formance vs. thickness curve, which one major objective the experiment. 

The axle loads applied the test pavements also vary widely. Single axle 
loads range from 2,000 through 6,000 12,000 18,000 22,400 and 30,000 
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pounds. Tandem axle loads are 24,000 32,000 40,000 and 48,000 pounds. 
each case, the upper limits are above those allowed vehicle weight laws 
throughout the states. The vehicles operate constant speed mph. 

Sixteen test bridge spans are located groups four four locations, 
which will carry the heavier single and tandem axle loads. Each 50-ft span 
one land wide, and composed three simple beams and reinforced con- 
crete slab. 

Eight bridges have steel beams, four have conventional reinforced concrete, 
and four have prestressed concrete, with two these being pretensioned and 
two post-tensioned. 

The bridge studies have two principal objectives: (1) determine the be- 
havior short-span highway bridges under repeated applications over- 
stress; and (2) determine the dynamic effects moving vehicles short- 
span highway bridges. 

All test bridges will subjected the normal test traffic provide data 
necessary attain the first objective. The second objective will require spe- 
cial runs vehicles varying weights different speeds. Measurements 
the bridges will primarily deflections and strains, both transient and cumu- 
lative. 

Instrumentation for the test road designed serve two purposes. The 
first assist the measurement the various effects traffic the 
test pavements and the measurement variations environmental condi- 
tions such soil moisture content and sub-surface temperature the test 
site. The second speed the acquisition test data and reduce the tre- 
mendous volume data summary form permit rapid engineering and 
statistical analysis. Automatic data reduction not only makes possible analy- 
ses that would inordinately cumbersome and time consuming conven- 


tional techniques, but also reduces human reading and transcription errors 
minimum. 


Objectives: 


determine the significant relationships between the number repe- 
titions specified axle loads different magnitude and arrangement and the 
performance different thicknesses uniformly designed and constructed 
asphaltic concrete, plain portland cement concrete, and reinforced portland 
cement concrete surfaces different thicknesses bases and sub-bases 
when basement soil known characteristics. 

determine the significant effects specified vehicle axle loads and 
gross vehicle loads when applied known frequency bridges known de- 
sign and characteristics. 

make special studies dealing with subjects such paved shoulders, 
base types, pavement fatigue, tire size and pressures, and heavy military ve- 
hicles, and correlate the findings these special studies with the results 
the basic research. 

provide the type and extent effort and materials re- 
quired keep each the test sections, portions thereof, satisfactory 
condition until discontinued for test purposes. 

develop instrumentation, test procedures, data, charts, graphs, and 
formulas, which will reflect the capabilities the various test sections; and 
which will helpful future highway design, the evaluation the load- 
carrying capabilities existing highways and determining the most prom- 
ising areas for further highway research. 
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Construction the test loops was completed September, and test traffic 
officially began October 15, 1958. Since that time the test vehicles have 
been adhering the schedule per day, days week, closely 
weather conditions, maintenance equipment, and maintenance distressed 
test sections would permit. July 31, 1959, there were approximately 
2,027,000 load applications all loops. Traffic continued for ap- 
proximately one more year, after which the test data will analyzed and the 
results reported. 

The Board conducting the test through National Advisory Committee 
and several special panels, all which are composed individuals recog- 
nized competence highway research and development. 
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Traffic Characteristics and Geometric Design.—Research relating those 
features highway planning and design which affect the geometry highway 
facilities has come the fore recent years. Research referred here 
that primarily dealing with operational aspects traffic and behavior 
drivers. Because the ever increasing availability such data, concepts 
highway location and geometric design are the process change and de- 
velopment. 

Thus, studies traffic and drivers the key improved highway design. 
Research this nature being translated design criteria produce high- 
way features which fit the apparent behavior and desires drivers, reflect- 
ing ease, comfort, and safety operation. With this recognition and objec- 
tive mind, engineering dealing with highway location and geometric design 
becoming more and more interrelated with the broad field traffic engi- 
neering. 

show some insight into the scope current research conducted toward 
this end, one need only look the pertinent bulletins released the HRB 
during the past two years, not mention multitude individual papers and 
reports published the Board and various state highway departments, engi- 
neering societies, and universities. The HRB bulletins referred are: 


No. 152 Driver Characteristics (1957) 


156 Traffic Speed and Volume Measurement Urban Areas (1957) 
161 Investigating and Forecasting Traffic Accidents (1957) 
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163 Night Visibility (1957) 

167 Highway Capacity Studies (1957) 

170 Traffic Behavior Related Several Highway Design Features 
(1958) 

172 Driver Characteristics and Behavior Studies (1958) 

195 Relation Between Vehicle Characteristics and Highway Design 
(1958) 

203 Travel Characteristics Urban Areas (1958) 

208 Traffic Accident Studies (1959) 

212 Characteristics Vehicle Operators (1959) 


Besides the general basic research relating characteristics 
drivers, vehicles, and traffic, there that research dealing directly with 
driver behavior and traffic performance affected specific highway 
tures. this regard, recently completed research, some not yet pub- 
lished, and other research projects now progress, are noted follows: 

Roadside and Landscape 


-Geometric design and landscape features, developed Great River 
Parkway (Mississippi River) National Park Service, Washington, D.C. 


design for safety study the design and placement roadside 
features, including grading, which influence severity 
accidents —observation and tests made Proving Grounds, General Motors. 


Medians. 


-Study accident rates for various types and widths medians, and 
fatal accidents freeways with barrier medians California Division 
Highways 1958 Study. 


-Effect parkway medians driver behavior Westchester County, N.Y., 
New York State Department Public Works. 


-Relation accidents median widths and types Long Island-New York 
State Department Public Works. 


-Cross median accident experience New Jersey Turnpike—New Jersey 
Turnpike Authority. 


Shoulders. 


-Paved shoulders and accident experience 2-lane rural highways Ore- 
gon State Highway Department. 


-Shoulder use study Baldock State Highway Department. 


-Highway Shoulder occupancy study—New York State Department Public 
Works. 


Interchanges. 


-Traffic behavior and ramp design study California determine desira- 
ble shapes ramps—California Division Highways. 


-Comparison operational characteristics parallel and taper type off- 
ramps—Oregon State Highway Department. 
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-Studies speed, headway, and placement vehicles within interchange 


areas Detroit and Chicago—U. Bureau Public Roads cooperation 
with local authorities. 


-Freeway traffic operation study including entrance ramps and weaving— 
Texas College and Texas Highway Department. 


-Left-hand on-and-off ramps expressways and freeways—Technological 
Institute, Northwestern University. 


Signing. 


-Effectiveness freeway signing California—California Division High- 
ways. 


-Study tilting moments upon cantilevers supporting signs and measure- 
ment horizontal soil resistance for overhead sign supports—Union Metal 
Manufacturing Co., Canton, Ohio. 


Highway Delineation. 


-Study Operational Characteristics traffic Connecticut Turnpike 
under nine conditions lighting and delineation interchanges and 


approaches—Connecticut State Highway Department and Bureau 
Public Roads. 


-Comparison relative effects colored reflectorized delineators with il- 
lumination traffic interchanges Minneapolis-Minnesota State Highway 
Department and Minnesota Mining and Manufacturing Company. 


-Effect pavement edge markings speed and lateral placement ve- 
hicles Connecticut—Connecticut State Highway Department. 


-Effect pavement edge marking accidents—Ohio State Highway Depart- 
ment. 


-Effect edge striping traffic operation—Louisiana State Highway De- 
partment. 


- 


Speed and 


-Vehicular volume and speed characteristics seven study locations 
major urban arterials—Michigan State University. 


-Sample size requirements for vehicular speed studies—University 
Illinois. 


-The speed factor highway accidents—U. Bureau Public Roads. 


-Methodology developing speed profiles—Engineering Experiment Station, 
Ohio State University. 


-Trend time distribution traffic the San Francisco-Oakland Bay 
Bridge—effect increase highway capacity upon percentage total 


traffic flow occurring during the peak hour University Cali- 
fornia. 


Vehicle Operation and Traffic Behavior.— 


-Vehicle operation streets and highways San Francisco Bay Area—gas 
consumption, travel time, speed and delay, etc.—ITTE, University Cali- 
fornia. 
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-Travel time measurement congestion and level service—San 
Diego Metropolitan Area Transportation Study. 


-Development new traffic signal warrants—study relationships between 
delay and approach volumes—ITTE, University California and HRB Com- 
mittee Traffic Control Devices. 


-Freeway traffic operation—study including capacity, freeway volume con- 
trol, lane use and placement, entrance ramps, and weaving—Texas Trans- 
portation Institute, Texas College and Texas Highway Department. 


-Traffic behavior urban analysis traffic be- 
havior terms velocity, spacing, volume, and 
Streets and Traffic, City Detroit. 


The items listed here are means complete, but are believed in- 
dicative the research underway for the categories listed. Although not 
noted above, substantial research has been directed other areas engi- 
neering which have bearing upon highway design and operation. 

Skid resistance being given much consideration and the HRB currently 
expanding its committee structure include the broad field skid resistance 
covering not only road surfaces, but also tires and automobile brakes. 
Methods testing the field and the laboratory are being given special 
attention. Committee reports the First International Skid Prevention Con- 
ference (September, 1958) together with other pertinent papers, are presented 
the HRB Bulletin 219. 

Research and development continues high rate the field pho- 
togrammetry. Reports the HRB Committee Photogrammetry and Aerial 
Surveys, together with papers current research, are contained Bulletin 
199, Photogrammetry—Developments and Applications (1958) and Bulletin 
228, Photogrammetry—Developments and Applications (1959). 

Substantial progress continues made the use and application 
digital computers and electronic equipment various phases highway de- 
sign, determination traffic characteristics, and traffic control. 

summary current research and the apparent trend which has been 


established for future investigations, developments may evaluated fol- 
lows: 


Studies driver behavior, vehicle operation, traffic characteristics, 
and accidents, with correlation highway features, are furnishing much 
needed data for development appropriate criteria for geometric design and 
for traffic control and operation. The use these data will produce highway 
facilities greater utility, offering the road user increased economy, com- 
fort, and safety operation. 


Studies involving development and application photogrammetry, digi- 
tal computers, and other electronic devices are being used evolve methods, 
techniques, and tools for more effective location and geometric design 
highways, planning transportation systems, and traffic control. 
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Proceedings the American Society Civil Engineers 


DEVELOPING ALTERNATIVE URBAN TRANSPORTATION 


William McConochie,! ASCE 


SYNOPSIS 


Principles urban transportation applying most large cities were re- 
vealed comprehensive study highway and transit needs Metropolitan 
Washington. This paper, based primarily civil engineering studies, dis- 
cusses costs, advantages, and disadvantages auto-dominant, all-bus, all- 
rail, and recommended plans for Washington, D.C. 


OBJECTIVES THE STUDY 


Transportation Plan for the National Capital Region was presented the 
President July 1959 and promptly forwarded the Congress and various 
interested government agencies. The report was the compre- 
hensive transportation survey the Washington region the Nation- 
Capital Planning Commission and the National Capital Regional Planning 
Council. great many organizations and individuals participated the work, 
including ten consultants, most the latter supported sizeable staffs. This 
paper based portion the civil engineering consultant’s phase the 
survey. 


Note.—Discussion open until August 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Highways Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. March, 1960. 

Presented the October 1959 ASCE Convention Washington, 

Chf. Engr., Traffic and Transit Dep. DeLeuw, Cather Co., Chicago, 
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The findings the study, while having specific reference Washington, 
are fundamental that they should prove helpful formulating transporta- 
tion policies other major cities, but warning seems order this point. 
Most large cities have striking similarities, particularly regard their 
transportation problems. Washington unique many ways, however, the 
most significant factor affecting transportation being the physical character 
its central business and government district. While some cities with greater 
population have core less than mile inarea, Sector Zeroin Washington— 
essentially the area encompassed the proposed Inner Loop Freeway—has 
area miles. The streets this wide, the heights the build- 
ings are kept within rigid limits, and many acres are devoted parks and ex- 
tensive grounds public buildings. 

These characteristics have profound influence the physical nature 
any practical plans for both highways and transit systems. The findings the 
Washington study cannot safely applied any other city, therefore, without 
first evaluating the difference between the two cities, particularly regard 
their downtown areas. 


HIGHLIGHTS THE WASHINGTON PLAN 


The recommended transportation plan for the National Capital Region evolved 
slowly from the findings numerous interlocked studies. One the techniques 
used was evaluate various hypothetical transportation systems without im- 
mediate their practicality. The results these preliminary studies 
were immeasurable value guiding subsequent steps toward sound and 
realistic plan. 

The study included not only the movement people modern 
highways and public transit vehicles freeways and parkways, but also the 
parking needs automobiles and the highway requirements trucks. The 
operation transit vehicles local service was not included the study. 
The target date was taken that year when the population the study area 
reaches 3,000,000. This predicted about 1980. Populationin1955 was 
about 1,900,000. 

Schemes Studied.—Four basic schemes were studied: 


Plan I—the auto-dominant system—would consist extensive network 
freeways, parkways, and arterial with large-capacity down- 
town parking facilities the assumption that steadily increasing propor- 
tion people will use private automobiles. Public transportation would con- 
sist buses sharing the streets and highways with other 
present. 

Plan express bus system—would consist making 
few stops and traveling freeways and parkways—or their own grade- 
separated roadways need be—and maintaining high ser- 
vice. Local buses would supplement the express bus service. The need for 
highways and downtown parking facilities would less than under the auto- 
dominant system. 

Plan rail other train-type transit system—would grade- 
separated ways located either the center malls radial freeways other 
exclusive rights-of-way, with trains providing fast service. with the ex- 
press bus system, local bus service provided. The need for highways 
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and downtown parking facilities would less than withthe auto-dominant sys- 
tem. 

Plan information obtained from these three basic study plans was 
used formulate recommended transportation plan facilitate the optimum 
movement people and goods the National Capital Region. 


The schemes studied are shown Figs. and 
While the recommended plan actually grew out the other three plans, the 


recommended plan will described first. can then used yardstick 
for measuring the others. 


PLAN IV—RECOMMENDED HIGHWAY-TRANSIT SYSTEM 


The recommended transportation system serve the National Capital Re- 
gion would composed network freeways, major streets, 
and parking facilities together with $500,000,000 system rail rapid transit 
and express bus facilities. Express buses would used the early years 
the routes ultimately served rail rapid transit. 

The proposed transit service would consist partially rail rapid transit 
trains running separate rights-of-way. would also include express buses 
operating the general traffic stream freeways and parkways. support- 
ing system local bus routes would provided anintegral part ofthe ser- 
vice, but the capital investment this portion the system not inthe esti- 
mated cost. The local buses would serve feeders the network rail and 
bus rapid transit lines and distributors expresstraffic inthe central busi- 
ness district. They would also provide transportation areas where express 
service would not justified, both the District and the suburbs. 

Throughout this paper the terms “express” and “rapid transit” are used 
interchangeably indicate service buses freeways and well 
rail vehicles private rights-of-way. 

Coordination Between Highways and Transit.—Careful coordination between 
highway and transit systems promises substantial economies over the total 
capital cost separate and competing systems. Rail facilities are 
share rights-of-way with highways some instances, and freeways will 
utilized for operation express buses where appropriate. Further savings 
have been anticipated providing public transportation attractive that the 
use transit will somewhat reduce the need for highways. Thisis particular- 
important providing good transportation and through areas where 
costs rights-of-way for additional freeways would excessive. 

Despite the extensive rapid transit system contemplated, however, ane. 
borate network freeways and parkways will necessary 1980. The tran_- 
system, for example, could not serve people who need their vehicles during 
the day for trips which the automobile essential because the nature 
the journey. This group alone accounts for approximately 30% all the esti- 
mated automobile trips that would occur under the assumptions the auto- 
dominant system. Another large group that could not drawn transit con- 
sists people moving between points within the survey area and points out- 
side—classified external-internal trips—and those making throughtrips en- 
tirely across the survey area from external points external points. Finally, 
the vehicular trips indicated for the highway system include the movements 
commercial vehicles translated into equivalent number automobiles. 
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Trucks are estimated represent the total vehicular trips the area 
during normal 24-hr weekday 1980 under the auto-dominant estimates. 
This the equivalent total 24-hr traffic when the effect onthe traffic 
stream these large vehicles taken into account. 

Not withstanding the large blocks motor-vehicle-imperative trips, the 
transit system was found the traffic engineering consultant attractive 
substantial numbers people. The greatest service would rendered 
those making trips from the central business and government district 
focal points adjoining areas, such the Pentagon. all the estimated 
1980 trips the rapid transit system, approximately would consist intra- 
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line trips which would not reach the downtown area and 61% would have origins 
destinations Sector Zero. The remaining 33% would pass through this 
area, but many trips would terminate just outside its borders. allthe trips 
drawn the proposed rail and bus rapid transit system, about 70% would re- 
present people who would otherwise have used local bus service. Only 30% 
would made those who would have used automobiles drivers pas- 
sengers. 

Thus, can readily seen that good rapid transit system can comple- 
ment network urban freeways, but cannot provide anadequate substitute 
for modern highway facilities. 


< 


Recommended Highway System.—Even over-designed system rapid 
transit facilities would not drastically reduce the need for freeways. With the 
recommendedtransit system, the highway needs for 1980 are estimated 
miles additional freeway and parkway routes over those now existing plan- 
ned, for total 326 miles. Many existing proposed highways should 
made wider than previously contemplated. The recommended system il- 
lustrated Fig. 

Improvements Arterials.—The proposed network freeways and park- 
ways will have supplemented comprehensive system expressways, 
park roads, major streets, and other arterial thoroughfares, principally sur- 
face grade. They willconsist mainly existing adequate 
pavements within existing rights-of-way, extensions connect interrupted 
streets, and grade separations complex intersections. These streets will 
act feeders and distributors for the network limited access highways. 
They will also carry the heavy volumes traffic making short trips trips 
corridors that would not support more elaborate facilities. 

Recommended Rail Routes.—Two basic routes would rail rapid 
transit under the proposed plan. One would extend north-south direction 
from near Wheaton south Alexandria, distance miles. The other 
would reach from the northwest area north Bethesda point beyond the 
Anacostia River, southeast the central business district. The length this 
rail line would about miles, for total miles. this, about 
miles would subway, one-half within the out-size central business and 
government district. 

The north-south route would start point near Circumfer- 
ential Montgomery County, where bus transfer station would provided 
together with adequate parking facilities. double-track rapid-transit rail- 
road would built, proposed, the center mall that portion the north 
central freeway extending generally from the vicinity Wheaton point 
within the District. The exact point would determined the alignment 
proposed freeway. The line wouldenter subway inthe roadbed New Hamp- 
shire Avenue and continue southwesterly 13th Street N.W. With various 
minor jogs, would continue subway through the central business district, 
passing over the other proposed subway route Street 

The line would emerge from the subway just beyond Washington Channel 
and cross the Potomac River new bridge. After serving the Pentagon, 
would continue fill, principally along railroad properties, pastthe Washing- 
ton National Airport, and through Alexandria. 

terminal would built south Hunting Creek near Jefferson Manor. 
this point bus-to-rail transfer facility would installed wellasa parking 
lot. all cases, such outer terminals would also have adequate facilities for 
delivering meeting passengers with cars which would parked only mom- 
entarily. 

Another rail rapid transit facility would start from terminal the vicin- 
ity Pooks Hill, north Bethesda, Md. freeway route this corridor 
proposed, and the rail line would occupy the center mall from the outer ter- 
minal point inside the District. with the northerly portal onthe north- 
south subway route, the exact point would depend onthe freeway location. From 
that point, the rapid transit facility would consist subway the bed 
existing streets for most the remaining distance the southeast terminal. 

Construction.—Stations would made attractive tothe patrons incorpora- 
ting all the architectural features characterizing the most advanced design. 
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Walls and other surfaces whichthe public couldtouch would faced with struc- 
tural glass, tile, stainless steel, other cleaned mater- 
ials. Full use would made acoustical materials keep the noise level 
minimum. Fluorescent lighting would applied generously all parts 
the stations and their vicinity. Escalators would provided many 
places, their use now being practical even where the device partially exposed 
the elements. the downtown area, entrances would opened, pro- 
posed, between subway stations and basement levels stores build- 
ings. 

Subways would built, for the most part, use cut-and-cover methods. 
This would keep the vertical distance between sidewalk level and platform level 
minimum and would the most practical design for conditions Wash- 
ington. Street traffic would interrupted only temporarily with this method 
construction, since the street would restored decking over the excava- 
tion after the initial stage had been completed. 

Passenger Equipment.—Several new types rapid transit cars have been 
developed recent years. difficult select between them for qualities 
comfort, appearance, and ease maintenance. likely, however, that 
articulated car consisting three units permanently trucks 
will prove the most appropriate for the Washington operation. This de- 
sign permits lightweight construction with economy use yet 
sufficient flexibility permit trains vary length from 150 450 ft. 
Station platforms would 500 long. The interior the cars would fin- 
ished modern synthetic materials well corrosion-resistant metals 
for ease cleaning. Lighting would kept high intensity, and all equip- 
ment would fully air-conditioned assure supply clean, fresh air 
comfortable temperatures all 

The trucks the articulated units could have rubber-tired wheels—as 
the case the latest Paris trains which are now (1960) successful opera- 
tion after development period many years. the other hand, they might 
have steel wheels operating steel rails the conventional manner, but per- 
fected very quiet, similar the equipment used the new subway 
Stockholm. 

Recommended Express Bus main rail rapid trans- 
lines, comprised four radial routes, eight distinct express bus routes are 
proposed, serving all remaining segments the metropolitan area. The bus 
routes, similar the rail routes, would have their own systems bus feeders. 
some cases, physical transfer passengers outer intermediate sta- 
tions would involved. other instances, however, express buses might 
through-routed between the freeways and the surface streets the suburban 
portions their routes. 

all routes, outer terminals would consist adequate facilities for bus- 
to-bus transfers, required, together with extensive parking space. many 
cases the terminals would built only when the territory beyond had been 
developed, temporary facilities serving the interim. Bus stations would 
provided along the freeways approximately 1-mile intervals. The spacing 
would depend somewhat location intersecting major streets which would 
serve feeder buses well persons walking, driving being driven the 
stations. 

The largest buses practical for urban operation would used the ex- 
press service—probably about 52-seat size. Feeder service the outer 
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terminals might rendered some instances with smaller buses appropriate 
route characteristics. 

Two more types service would operated outer terminals 
and the points leaving the freeways near the downtown area. During peak 
periods all routes, and even during midday the heavier lines, some buses 
would run non-stop from the suburban terminals downtown. Other buses 
would stop every station every second station. 

appropriate points the vicinity the Inner Loop Freeway, the express 
buses would leave the radial freeways and continue their trips the surface 
streets within the central area. most express bus routes, the peak hour 
flow buses would exceed the number that could operated efficiently 
single surface street, especially since most downtown streets will alsobe car- 
rying local buses. Each express route, therefore, would have fan out into 
two more downtown distributor routes. This would broadenthe distribution 
within the area, but some patrons would still find necessary transfer 
other bus lines the proposed reachtheir ultimate destinations. 
Washington’s broad downtown streets and low density development makes 
this scheme for distribution bus feasible. The plan might not practical, 
however, city with more intensely developed business district. 

The recommended transportation system adequate serve 
population 3,000,000 the National Capital Region. The number buses 
the various routes—from about 250 each direction the maximum 
hour—would such that they could traffic stream. 
the population the area approached 3,000,000, however, special ramps 
for the exclusive use buses might have built the vicinity the In- 
ner Loop Freeway. The cost such ramps not included the estimates. 
might also necessary restrict the volumes traffic certain sec- 
tions the freeway and parkways system the target date was approached 
segments the incomplete system were These steps 
would taken not only for the benefit bus patrons, but order keep all 
traffic moving. population grew beyond 3,000,000, special roadways for 
buses might have built, the rail system might have expanded 
supplant bus routes. 

Local Bus System.—A system local bus routes would operate the im- 
proved major streets carry passengers and from the stations ofthe rapid 
transit system. Local routes would also provide service for people making 
trips independent that system present. presumed that existing 
transit company operations would coordinated withthe proposed rapid trans- 
system. 

order keepthe requirements for freeways within reason- 
able bounds, was necessary assign rush-hour traffic tothe major streets, 
proposed improved, approximately 80% their theoretical capacity. 
Thus, the capacity added the total system building $2,000,000,000 worth 
limited-access highways and other facilities would little more than ab- 
sorb the year-by-year increases traffic. Rush-hour congestion surface 
streets would not greatly lessened. 

Another disconcerting finding the traffic engineering consultant that— 
despite investment $500,000,000 rapidtransit facilities—the percentage 
total passenger trips the metropolitan area public transportation would 
drop from 1955 18.4% 1980. 

Questions arise immediately whether not wouldbe more effective 
solving the area’s transportation problems expandthe highway system and 
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spend less for system, the other hand, wouldn’t better 
de-emphasize highways and build even more elaborate transit facilities. 
Such questions were answered the procedure followed the survey. The 
auto-dominant and transit-dominant plans were prepared first, however, and 


then the recommended plan was developed from the best features the more 
extreme plans. 


PLAN I—AUTO-DOMINANT PLAN 


The term Auto-Dominant Plan was applied that system freeways and 
parkways which would adequate serve major portion ofthetravel needs 
the metropolitan area, with transit playing minor role. Public transpor- 
tation would consist local buses operating onthe surface streets, giving ser- 
vice the type and relative extent provided 1955. The patrons this sys- 
tem would those whosetrips were dependent 
transit for their journeys about the region. Under these assumptions, the 
traffic consultant estimated that approximately 14%of all person-trips the 
area 1980 would made public transportation, while 86% would made 
private automobile. This would one-third drop relative use public 
transportation between 1955 and 1980. 

estimating the requirements for highway capacity under the auto-dominant 
plan, the needs commercial vehicles were recognized. The average truck 
was taken the equivalent approximately two passenger automobiles com- 
puting the required rush-hour capacity. 

Composition Network.—In order permit civil engineering estimates 
the number lanes required each section this more extensive road net- 
work, the traffic consultant assigned the predicted peak hourtwo-way weekday 
vehicular traffic 1980 the auto-dominant freeway system. All traffic as- 
signments were first based the assumption that every freeway the system 
would have ample capacity for relatively fast, fluid movement all times. 

The auto-dominant plan highways finally developed this method would 
consist network 344 miles freeways and parkways within the study 
area. This only miles more this type highway thancurrently exist- 


ing programmed, but the lane-miles 45%greater. The system would. 


consist essentially radial routes. These would interconnected 
series concentric circles consisting the Inner Loop Freeway system, 
Intermediate Loop, and Circumferential lying distance from the White 

Critical Sections.—The corridor heaviest demand the auto-dominant 
plan extends from the southwest leg the Inner Loop Freeway along the pre- 
viously proposed center leg the Inner Loop Freeway paralleling 3rd Street 
trict the Circumferential the vicinity Silver Spring. need for 
highway through this corridor has been recognized, definitive studies have 
been made freeway route northerly from the north leg the Inner Loop 
Freeway. Twelve eighteen lanes would required carry traffic var- 
ious sections this route under the assumptions which the auto-dominant 
plan was based. Other demands imposed the assumptions the auto-domin- 
ant plan which would difficult, not impossible, meet would corridor 
from the east end Highway (14th Street) Bridge viathe southwest route the 
lanes would required, whereas more than eight can readily provided 
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made function. Moreover, the high proportion going and from 
the central business district viathis route, assumptions, would over- 
load the streets serving the freeway ramps. 

Estimated traffic volumes this section even higher, furthermore, 
were not forthe assumption downstream four-lane bridge tunnel across 
the Potomac River. This crossing would connect the Maryland and Virginia 
portions the Intermediate Loop approximately the ofthe Wash- 
ington National Airport. this expensive connection ($53,000,000 for tunnel) 
were prove infeasible, the requirements along the south side the Inner 
Loop Freeway would increased approximately two lanes under the auto- 
dominant system assumptions. 

The remaining grossly overloaded section the auto-dominant system 
that portion the Inner Loop Freeway comprising the north side the Loop 
between approximately DuPont Circle and New Whilethe studies 
made connection with the preliminary proved 
that eight-lane freeway was the maximum practical construction this sec- 
tion, the estimates for the auto-dominant system showeda this corridor 
for many fourteen lanes. Even this excessive demand was kept down only 
proposing two rather expensive sections not heretofore proposed 
any official plan. 

Estimated Cost.—The auto-dominant system highways would consist 
2,032 lane-miles limited access freeways and parkways, 15% 
the recommended system. The cost, 1958 prices, including over $200,000,000 
for street widening and other major highway construction, would approxi- 
mately $2,371,000 30% more than for highways the recommended plan. 

Parking Demand.—The number automobiles parked Sector Zero 
the moment peak accumulation under the assumptions the auto-domin- 
ant plan would approximately 1.6 times the number parked inthat area dur- 
ing the survey 1955. great deal curb parking would elimina- 
ted order provide street capacity the areafor Further- 
more, estimated 22,700 existing spaces off-street lots will probably dis- 
appear between now and 1980 due the construction new buildings, many 
which are programmed built the Federal Government. estimated, 
therefore, that 85,000 new off-street spaces would have tobe providedto serve 
the needs motorists under the auto-dominant plan. This equivalent 
about garages large Chicago’s Grant Park Underground Garage. The 
total cost estimated approximately $236,000,000, even assuming that the 
great demand for appropriate sites for garages would not inflate land values. 
For the recommended plan, 48,500 new parking spaces would have built 
the downtown area, 57%as many. Even this calls for the construction 
one mammoth garage every year equivalent, for the next yr. 

Conclusions.—There are serious engineering questions practicality 
the auto-dominant plan. Outer portions the system could undoubtedly 
made work—at least until 1980. Key sections the freeway system, how- 
ever—particularly the Inner Loop Freeway andthe proposed free- 
require more lanes than could built within limitations imposed 
rights-of-way problems, and would functionally operable. Fur- 
thermore, there little likelihood that the streets the central area could 
accomodate the number vehicles which would moving free- 
way ramps with the estimated volumes traffic. 

The capital cost the auto-dominant plan would only about greater 
than that the recommended total transportation plan. The land takings for 
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highways and parking garages under the auto-dominant plan, however, would 
great cause immense indirect damages, particularly and around 
the central core. 

transportation policy requiring the National Capital Region served 
almost exclusively automobiles would incompatible with the distribution 
living, shopping and working places the area’s inhabitants foreseen 
the staff the Commission and Council. regional population 3,000,000 
served principally automobiles, the central core must relegated 
less important role, and radical decentralization most its functions 
must accepted the pattern future growth. 


PLAN RAPID TRANSIT PLAN WITH RECOMMENDED 
SYSTEM HIGHWAYS 


The recommended transit scheme composed both express bus routes 
freeways and rail lines insulated rights-of-way. This combination was 
selected, however, only after testing, first, rapid transit system consisting 
solely express bus routes freeways and separate bus roadways; and sec- 
ond, system composed exclusively rail facilities. 

Both the all-bus and the all-rail transit plans were initially considered 
connection with highway system that would limited the freeways, park- 
ways and major streets now existing definitely planned. This system 
highways was found inadequate for 1980 traffic, however, regardless 
the best companion transit system that could devised, that enlarged 
highway network was developed. This highway system would necessary 
connection with either the all-bus the all-rail transit plan. The highway 
system thus evolved was finally joined with the proposed combination bus- 
rail transit system form the recommended comprehensive transportation 
plan. 

The rapid transit system involving the lowest investment for special trans- 
facilities would comprised express bus routes freeways built for 
general traffic, with separate lanes for buses where needed. system was 
tested, therefore, which would provide bus service eleven routes. Express 
buses would serve essentially every radial corridor considered the auto- 
dominant system highways. 

Critical Routes.—The most critical portions the all-bus system would 
the two routes serving the northwest and northerly corridors, respectively. 

freeway yet planned either critical corridor within the District 
lines. was found, however, that even with complete transit system, free- 
ways would required the vicinity Wisconsin Avenue penetrating the 
District far the Intermediate Loop and from the Silver Spring-Wheaton 
area through the entire north portion the District connection with the 
Inner Loop Freeway. eight-lane north central freeway would heavily 
used general traffic about 1970 that the buses required such route 
could not operated the traffic stream without jeopardizing the speed and 
dependability the transit service. 

Special Bus Roadways.—The all-bus system, therefore, contemplates two 
special highway lanes for the exclusive use buses incertain sections each 
these routes. Preferably, these would built fully grade separated 
roadway along valley other natural separator between neighborhoods. Such 
proposal could conceivably raise insurmountable objections from the stand- 
point esthetics and other considerations. One alternative operate 
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the buses indefinitely surface streets with such privileges could ac- 
corded them speed their operation. Another alternative would build 
several miles bus subways. The cost such subways would approxi- 
mately $20,000,000 per mile, however, which hardly realistic considering 
their relatively low passenger-carrying capacity any station made 
route. 

Consideration was given bus operation private cen- 
ter mall the north central freeway long-term, even permanent, solu- 
tion the rapid transit requirements the area. There were compelling rea- 
sons, however, for recommending against The number buses 
rush hours after the first few years would greater operated 
with buses stopping intermediate stations. With private bus roadways ina 
center mall, rate flow more than about 120 buses per one direc- 
tion would require two extra bus lanes for non-stop buses else multi-plat- 
form stations that would necessitate awkward and probably infeasible bulges 
the center mall, comparable with barrier-type turnpike toll plazas. 

With buses operating mixed traffic freeway, this situation met 
having only one-half one-third the buses stop any one station. The 
balance pass that station non-stop skip-stop buses. There would cap- 
acity for buses operate this manner least 1980 the freeways pro- 
posed for rapid transit bus service the recommended scheme—Plan IV. 

must constantly kept mind that even the target date 1980 re- 
latively short-term objective region that may continue grow popula- 
tion for decades even centuries. The future welfare the region would 
jeopardized embracing plan which threatened become inadequate within 
few years. 

Effect Surface Bus Operation Sector Zero.—It not possible esti- 
mate with absolute accuracy the number automobiles and will 
moving the streets the central area during peak hoursin1980. The Inner 
Loop Freeway and other bypasses are expected toaccomplisha marked reduc- 
tion through traffic surface streets. The number terminating and orig- 
inating vehicles, the other hand, will probably increase. 

The civil engineering consultant considered likely that 1980the number 
buses required the all-bus system would result movement walking 
speeds less during rush hours. The service would slowed even off- 
peak periods the many complex and closely spaced intersections, well 
the interference and pedestrians. This problem would even great- 
cities with more intensely developed central business districts. 

This conclusion verified the experience several cities where ex- 
press buses are now operating freeways the manner proposed for Wash- 
ington under the all-bus plan. High operating speeds the freeway portions 
the routes are tempered low speeds the congested downtown areas 
that the average overall speed most cases not impressive, shown 
Table 

Under the recommended bus-rail plan, the average speeds bus routes 
should satisfactory. The proposed rail facilities would greatly reduce the 
number buses otherwise required. Thus, the remaining Sector Zero 
would able move reasonable speeds. 

Consideration was given off-street bus terminals, bus subways the 
central area, and distribution bus passengers from the outer limits the 
downtown area moving belt other type mass transportation facility. 
None these schemes proved practical, however, because the large area 
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the business district. Many route-miles expensive facilities re- 
quired cover the area adequately with bus subways mechanical devices. 
centrally-located off-street bus terminal would have about large 
the Port New York Authority bus terminal Midtown Manhattan (New York, 
Y.), and its approaches would require several thousand feet fully grade- 
separated bus roadways, either subway elevated. 

Conclusions.—For the reasons set forth previously, was urged that the 
use express buses limited those routes included the recommended 
system. Inthe stage development this system, however, express buses should 
used surface streets and freeways the latter become available. 
This procedure would initiate fast service early date the areas which 
would later served rail rapid transit. Thus, the system effectin 1965 
would the all-bus plan but without any separate bus roadways. would 


reasonably adequate, the opinion the consultant, serve the estimated 
patronage that era. 


PLAN RAPID TRANSIT PLAN WITH RECOMMENDED 
SYSTEM HIGHWAYS 


Washington’s geography well its low-density pattern residential, 
commercial and government office building developments discourages wide- 
spread use rail rapid transit. The high initial cost such facilities, even 
built the center mall freeway, requires concentrations travel not 
found Washington except few instances. Characteristics the region 
tending prevent heavy flows transit traffic along asingle route include the 
large areas devoted public institutional use; the vast extent parks, 
waterways, ravines and otherwise uninhabited areas; and, despite noteworthy 
apartment buildings, the extensive areas devoted single-family dwellings 
large lots. Inthecentralareaasimilar lack concentration prevails. The 
all-rail rapid transit plan proved grossly over-designed, therefore, 
meet the needs 1980. was recommended, however, that thought given 
planning all radial freeways the ultimate need for rail rapid transit, 
similar type requiring private right-of-way. instances, actual need 
may not develop for many years. Unless space for such facilities included 


the initial stage construction, the cost providing for them later may 
prohibitive. 


ESTIMATED CAPITAL COSTS 


Estimates were made the capital cost each the four basic systems 
studied—auto-dominant; all-bus rapid transit coordinated with freeways; all- 
rail rapid transit coordinated withfreeways; and recommended highway-trans- 
system (Table 2). Recommendation Plan over the other schemes, how- 
ever, was based practical considerations speed, capacity, phys- 
ical problems rather than cost. 

Estimates revenues and operating and maintenance expenses were made 
the civil engineering consultant. Proposals for financing both highway and 
transit systems were prepared other consultants. 
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PRESERVING CAPACITY FOR THE FUTURE 


The pattern future growth the National Capital Region will influenced 
strongly the nature and quality its transportation system. The corner- 
stone the population and employment distribution studies, however, was the 
assumption that the entire region will ultimately covered with adequate 
transportation network. The area can then develop under the influence such 
things topography and access public utility services without considering 
the variable transportation. This was reasonable approach that phase 
the problem, since always desirable hold one factor constant while 
measuring the influence variations others. 

The freeways built early the program, however, will have profound in- 
fluence the pattern growth the metropolitan region. They 
age fast and intense settlement areas directly served, delaying the growth 
areas lacking such freeways. Evolution the residential andindustrial de- 
velopment this manner would simply repeat what has large 
city, including Washington, new transportation arteries were built. 

Facing this very realistic set circumstances, seems wise tostrive for 
flexibility and reserve capacity development future transportation arter- 
ies. Rail rapid transit certain sections the area was shown justi- 
fied the ultimate plan estimated patronage. These findings were based 
largely existing and anticipated development. Meanwhile, highway facili- 
ties are built other sectors the metropolitan area, but not those for 
which rail rapid transit was recommended, need for recommended lines may 
delayed, and need for rail facilities other areas may develop. Final de- 
cisions construction rail rapid transit, therefore, shouldbe made con- 
junction with adoption complete freeway program. 

Even after complete freeway set, administrative decisions will 
determine the sequence which various highways are built. This construction 
schedule will have strong modifying effect the distribution population 
and perhaps also the location job opportunities. The first freeways built, 
therefore, may overcrowded long before 1980, andexpress bus service may 
have give way rail rapid transit meet transportation demands. While 
the proposed plan intended serve population 3,000,000, the freeways 
will still use even the population grows 4,000,000 5,000,000. 
Rights-of-way for additional freeways will difficult find. 

was recommended, therefore, that the planning future radial free- 
ways cross section similar that shown Fig. providedto afford max- 
imum flexibility and provide reserve capacity for automobile andtruck traf- 
fic well for the mass movement people. Under this plan there would 
three lane four lane roadway for traffic ineachdirection. These road- 
ways would separated 64-ft mall with from center-to-center 
the piers supporting cross-street bridges. the first stage, this wide mall 
would landscaped and held available for Public trans- 
portation this stage would consist express buses operating the general 
traffic lanes. They would make stops appropriate intervals the parallel 
service roads without special station facilities simple stations within the 
end spans the cross-street bridges. 

automobile and truck traffic became heavier, the center mall could 
developed with three-lane vehicular roadway used one-way traffic. 
Direction flow would reversed between the morning and afternoon rush 
periods. This would consistent with policies the Public Roads, 
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URBAN TRANSPORTATION 


United States Presumably, would 
much heavier this stage, and buses might almost preempt one lane 
each direction the initial roadways the freeway. 

the third stage, portion the express bus traffic would removed 
from the freeway and private roadway the center mall. The 
bus roadway would reduced two lanes the stations order provide 
adequate platforms for passenger loading and unloading. Stairwaysor escala- 
tors would connect with stations the cross-street bridges where passengers 
from local feeder buses would transfer. 

the fourth stage development, the bus roadways could displaced 
double track rail rapid transit facility which would provide capacity for any 
volume transit patronage likely develop within the next century. 

This plan stage development radial freeways stillinthe planning stage 
would permit adequate facilities provided meet any likely eventuality 
without requiring prohibitive outlays capital the early years. This plan 
particularly adaptable the proposed interstate freeway tothe northeast, which 
now the preliminary stages planning; the route extending westerly 
into Virginia alignment lying one two miles north 50; and 
the John Foster Dulles Airport route. Other routes for which this plan should 
considered include Shirley Highway, when this freeway rebuilt and widen- 
ed, and the proposed new freeway the southeast. 


CONCLUSIONS 


Many years will required build all the freeways and parkways need- 
not only the National Capital Region, but all other large cities. Mean- 
while, people are proceeding frantic pace build homes, shopping centers, 
and factories any land that available. Unless rights-of-way are reserved 
promptly for the needed highways, may become prohibitively expensive 
build many vital sections each city’s network. Great emphasis should 
placed, therefore, the adoption official plan for highways not only for 
the immediate future, but for generation hence. Rights-of-way should 
preserved which will sufficiently wide for any transportation purpose which 
all likely develop the decades come. 
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EARLY SOIL-CEMENT RESEARCH AND 


Closure Miles Catton 


MILES author sincerely appreciates and thanks 
the following gentlemen for the extensive thought, time and effort they have ex- 
pended discussing the subject paper: Blake, Britzius, Col. 
Brown, Clemmer, Conner, Prof. Ellis Danner, Prof. Kil- 
Thomson, Dr. Winterkorn, and Prof. Woods. They have contribut- 
materially and significantly the original manuscript. Their discussions 
largely concern compacted soil-cement for paving and prompt the offering 
the additional information and the explanations which follow. 

noted Britzius, the paper did not include information con- 
struction and construction cost. This area was intentionally excluded from the 
scope the paper. Extensive literature these subjects was contained 
the technical press past twenty odd years use. Construction costs 
can estimated for specific project without too much difficulty, however, 
and form2 for such purposes has been made available the Portland Cement 
Association. 

Systems methods soil classification, discussed Mr. Britzius, 
are extremely complicated and difficult. Several federal agencies have evolved 
soil classifications the past quarter century, have scientists. 
Each group has particular area interest differing from the others with the 
result that the systems differ some aspects. All have desire meet 
common ground, thus subcommittee D-18, “Soils for Engineering Purpos- 
es,” ASTM, now working diligently evolve “Unified System” that canbe 
used all agencies concerned with the classification soils for engineering 
purposes. The geologic origin soils,as mentioned Mr. Britzius, must 
part the system. The pedological identification soils, discussed the 
author the subject paper, has been found reliable method determin- 
ing cement requirements for compacted soil-cement once this requirement has 
been determined for the soil identified. Insofar soil classification con- 
cerned, the author has found the systems the various federal agencies ex- 
tremely useful. 

Similarly, discussions structural strength compacted soil-cement and 
pavement design using soil-cement, mentioned Mr. Britzius and several 
other discussers, were intentionally considered beyond the scope the 


January, 1959, Miles Catton. 
Ass’t. Vice Pres. Research and Development, Portland Cement Assn., Chicago, 


for Use Preparing Approximate Cost Estimate for Mixed-in-Place 
Soil-Cement,” SCB-15, Portland Cement Association, Chicago, 
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paper. However, the literature3,4,5,6,7,8,9, contains considerable excellent 
material these points which, the interest brevity, will covered only 
the foregoing cited references. 

The timely review Prof. Woods concerning Prof. Eno’s early 
work Ohio, and the citation the good ten-year performance record soil- 
cement mixtures subgrades, adds valuable historical record and much- 
merited recognition Prof. Eno. 

Blake London comments: author has stated that the cement 
content required for successful and economical stabilization determined 
durability rather than structural strength considerations. would inter- 
esting know the extent which differences climate were taken into con- 
sideration the author determining the criteria applied the dura- 
bility tests.” 

Apparently the repeated use the terms “wet-dry test” and “freeze-thaw 
test” has overshadowed the discussion and explanation the principles and 
factors considered evolving these tests. They are given the section en- 
titled, “Determining Cement Required for Construction.” essence, the wet- 
dry and freeze-thaw tests evaluate the compatibility soil and cement, the 
elusive and mostly unknown physico-chemical properties soils they in- 
fluence cement hydration and strength development, and the substantial, but 
difficult-to-measure, expansion and contraction forces generated soils with 
changes moisture content—all this regardless field exposure. The data 
given the original references, and repeated supplies abundant 
evidence the variability and unpredictability all these properties. the 
other hand, field experience has fully demonstrated that cement contents, which 
will meet the testing criteria cited, are also adequate for the most severe ex- 
posure. However, should emphasized again, and, enlarged upon 
Prof. Kilcawley and Dr. Winterkorn their discussions, the 
evaluation the physico-chemical properties soils, regardless their 
composition, chemistry, physics, environment the wet-dry and freeze- 
thaw procedures, which fundamentally important. other laboratory 
method system, which will accomplish this purpose, has been discoveredor 
devised. evaluate these elusive factors field experimentation would 
exceedingly tortuous and time-consuming (years some cases), well 


“Strength and Elastic Properties Compacted Soil-Cement Mixtures,” Earl 
Felt and Melvin Abrams, ASTM Special Technical Publication No. 206, 1957. 

“Performances Subbases for Concrete Pavements Under Repetitive Loading,” 
Colley and Nowlen, Bulletin 202, Highway Research Board, 1958. 

“Shear Strength and Elastic Properties Soil-Cement Mixtures under Triaxial 
Loading,” Glenn Balmer, Proceedings, ASTM, Vol. 58, 1958. 

“Laboratory and Field Tests Granular Soil-Cement Mixtures for Base Courses,” 
Melvin Abrams, Presented 1959 Annual Meeting, ASTM, Atlantic City, J., 
1959. 

“The Factors Underlying the Rational Design Pavements,” Hveem and 
Carmany, Proceedings, Twenty-eighth Annual Meeting, Highway Research Board, 
Vol, 28, 1948, pp. 101-136. 

“Design Flexible Pavements Using the Triaxial Compression Test,” the State 
Highway Commission Kansas, Bulletin No. Highway Research Board, 1947. 

“Thickness Flexible Pavements,” Current Road Problem, No. 8-R, Highway Re- 
search Board, 1949. 

“Basic Principles Soil-Cement Mixtures and Exploratory Laboratory Results,” 
Miles Catton, Proceedings, 17th Annual Meeting, Part Highway Research Board, 

«Research the Physical Relations Soil and Soil-Cement Mixtures,” Miles 
Catton, Proceedings, 20th Annual Meeting, Highway Research Board, Vol. 20, 1940. 
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DISCUSSION 


economically impractical. Therefore, although the wet-dry tests and freeze- 
thaw tests may consume month six weeks time and incur some minor 
cost unknown soil, they are the only basic methods evaluation the known, 
and they have been and economical that they have justified the ex- 
penditure millions dollars soii-cement paving. 

The foregoing comments the use the wet-dry tests and freeze-thaw 
tests used evaluate the basic relations soil-cement mixtures, are not 
intended, any sense, vitiate other procedures for determining cement re- 
quirements for compacted soil-cement construction. Such procedures short- 
cut methods, strength determinations, and pedological identification, correlate 
basically and initially with the wet-dry tests and freeze-thaw tests. Further, 
they are used laboratories and engineers concerned with soils with which 
they are personally acquainted and with which they have achieved entirely satis- 
factory results. 

continuation the discussion Mr. Blake comments: “Laboratory tests 
the Cement and Concrete Association have shown that delaying compaction 
for the strength can reduced much 50% for cohesive soils but 
the corresponding loss for cohesionless sand almost negligible. Perhaps 
the author can offer some explanation for the different effects delayed com- 
paction these soils 

surmised Mr. Blake, data having direct bearing onthis avail- 
able. Included the several early, exploratory and testing projects the 
basic soil types, were exploring the influence damp 
the physical properties compacted soil-cement and for supplying required 
background for specification writing. These tests, using cement contents meet- 
ing the test criteria cited the subject paper, gave substantiating data for 
earlier field observation that the moisture-density relations the mixture 
change with damp mixing time. also supplied data support specification 
recommendation that “the soil-cement mixture should compacted the 
maximum density and optimum moisture prevailing time compaction,” 
using ASTM Designation: D558 (AASHO Designation: T134) for the compaction 
test. While compressive strengths decreased damp mixing time increased, 
these decreases were not practical significance before hr. 

The series tests further demonstrated the need for continuous inter- 
mittent mixing with 30-minute period, less, between mixing operations. 
The losses with prolonged mixing for sandy soils was less than for the fine 
grain (cohesive) soils, reported Mr. Blake, but these differences were 
materially less than the 50% reported. While Mr. Blake’s discussion does not 
state specifically that recognition was given the shift the optimum mois- 
ture and maximum density, that intermittent mixing was used, the writer’s 
experience leads him speculate that such the case. Or, perhaps, inade- 
quate cement contents were used. 

the belief the author that the fine grain (cohesive) soils lose more 
strength than sandy soils during moist mixing (even though compacted pre- 
vailing optimum moisture and maximum density) result the strong in- 
fluence exerted the surface chemistry these fine grain soils having sur- 
face areas the order several thousand in. per in. soil. This 
many times the surface area the sandy soils which mayor may not possess 
the same surface phenomenon. The laboratory technician readily sees and 
feels the properties the fine grain soil-cement mixture the 


“Factors Influencing Physical Properties Soil-Cement Mixtures,” Felt, 
Bulletin 108, Highway Research Board, 138. 
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first increments water are added and mixed into the mixture. The sticki- 
ness rapidly disappears and the mixture becomes friable and easily troweled. 
Even while mixing cement into dry pulverized soil, this evidence surface 
chemistry influence shown the mixture becoming fluffy and easily handled. 
The author has noted this repeatedly field construction. some cases the 
dry mixture has become fluffy and loose that stick the size the index 
finger has ridden for 100 more the surface wave soil- 
cement ahead equipment wheels. 

The scientific discussion soils Prof. Kilcawley adds significant 
the surface chemistry cement. His comments are harmony 
with the author’s experience and observations. 

The discussion Prof. Ellis Danner defines clearly the areas pavement 
“composition design” and “structural design.” The his views 
“structural design” which are already covered the closure for the dis- 

Messrs. and Jones!5 discuss areas concerning the wet-dry tests 
and the freeze-thaw tests well pavement design. The author’s preceding 
closure comments these subjects are also applicable Messrs. Maclean’s 
and Jones’ discussions. few additional comments are made include an- 
other areaof interest. Once the minimum cement content has been determined 
produce structural material, the design engineer position design 
slab thickness for specific location and traffic condition. The strengthof the 
subgrade evaluated and the thickness soil-cement (containing this mini- 
mum cement content) determined. The soil-cement strength may in- 
creased with increases cement content optimum value which de- 
pendent the structural strength the soil grains. the strength the 
compacted soil-cement increases, the thickness required for the design load 
decreases. Studies can then made determine the most economic combi- 
nation pavement thickness and cement content. 

Messrs. Maclean and Jones make only minor references own work, 
but they have conducted investigations which supply valuable information the 
influence chemical factors soil-cement relations. 

The adaptability compacted soil-cement fast, emergency construction 
requirements cited Dr. Springenschmid adds important chapter 
the subject paper. Similar experiences were reported the United States.13 

While the comments the author, regarding moisture control during con- 
struction, may differ from Dr. Springenschmid’s comments sandy soil, 
they not vary principle. The moisture control cited has proved en- 
tirely adequate and dependable for construction operations, even for large indi- 
vidual projects involving 1,000,000 more. Previous discussion 
this Closure also covers this point, does the considerable data cited.12 
Similarly, there difference basic philosophy regarding the influence 
increased densities the strength compacted soil-cement. Again, how- 
ever, field results have been satisfactory, and the obtaining maximum den- 
sity time compaction has not been difficult attain. Such compaction 
problems, have developed, have been due the use compaction equip- 
ment not suited for the particular soil involved. The closure for Blake’s 


“Some Wartime Soil-Cement Experiences,” Miles Catton, Proceedings, 24th 
Annual Meeting, Highway Research Board, Vol. 24, 1944. 
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discussion, and the following closure for Col. Brown’s discussion, re- 
garding various compaction forces, also give additional interpretation Dr. 
Springenschmid’s discussion this area interest. 

Experience with residual shrinkage compacted soil-cement Germany, 
reported Dr. Springenschmid.16 Apparently their experiences are 
similar our own. residual shrinkage takes place which begins fewhours 
after final compaction and is, generally, stabilized near maximum amount 
the endof twoor three weeks. The rate residual shrinkage varies 
with soil types and cement content. This residual shrinkage phenomenon gives 
additional evidence the influence the physico-chemical properties soils 
the mechanical properties compacted soil-cement. Research the area 
physico-chemical properties soil-cement mixtures may expected 
offer explanation residual shrinkage, and, correlation, methods 
control. excellent review one phase soil surface chemistry given, 
with most extensively selected bibliography, Dorothy Carroll.17 

The amount residual shrinkage roughly proportional the fine grain 
soil content, although soils similar gradation but different pedological 
genesis materially different residual shrinkage characteristics. The 
phenomenon evidenced transverse cracks intervals more for 
sandy soils, reported Dr. Springenschmid, increasing analligator pat- 
tern fine cracks for fine grain soils. This variation brought about 
differences tensile strength and the surface chemistry the soils. the 
number residual shrinkage cracks increase, their width decreases, with de- 
creasing influence reflection cracking the bituminous surfacing. Many 
the fine cracks progress only for depth in. from the surface. 

Common construction practice the United States alleviates reflection 
cracking applying bituminous prime coat immediately after section 
completed.18 This followed with bituminous surface two three weeks 
later. Also, with some types bituminous surface, warm weather traffic ef- 
fectively reseals reflection cracks. The residual shrinkage cracks not pre- 
sent particularly serious performance problems. Moisture entering the cracks 
will not reduce materially the strengthof the compacted soil-cement and ade- 
quate design will based the bearing capacity the subgrade maximum 
moisture content. considering the fine service record compacted soil- 
cement paving the United States, should borne mind that all this 
paving possessed residual shrinkage properties. 

The discussion moisture-density relations Col. V.J. Brown points 
the variables involved this basic concept. addition the author’s previ- 
ous comments this Closure various aspects the subject, value 
include some early unpublished the author which 
various compaction forces were studied for use field construction. 

Six compaction methods, Table were used determine their influence 
the moisture-density relations the seventeen soils used the initial work. 
The results obtained for typical heavy silt loam top-soil and typical light 


Forschungsinstitu der Zementindustrie, Dusseldorf, Germany. 

«Jon Exchange clays and Other Minerals,” Dorothy Carroll, Bulletin the 
Gaol. Soc. Amer., Vol. 70, No. June, 1959, pp. 749-779. 

«prevention Moisture Loss Soil-Cement with Bituminous Materials,” Report 
8-F, Highway Research Board, 1949. 

Report Exploratory Laboratory Investigation Soil-Cement Mix- 


tures,” Development Dept., Portland Cement Assn., Chicago, May 1937. (Unpub- 
lished) 
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silty clay loam top-soil are shown Figs. and will noted that 
the compaction effort increases, the maximum density increases and the opti- 
mum moisture decreases. 

Method was adopted for field work. Construction results were checked 
meticulously each all the early projects Portland Cement Association 
staff. These field results demonstrated two points that was prac- 
tical and economical attain this degree compaction one-layer con- 
wide variety soils, and that the record 
these projects was exceedingly satisfactory. Essentially the same com- 
paction procedure, ASTM Designation: D558, has been used through the years 
for moisture-density control. 

Heavy compaction forces and procedures for such work were later investi- 
gated and developed the Kansas State Highway Commission, the U.S. Bureau 


Public Roads, the Corps Engineers, and others, for multiple-layer 
construction. 


TABLE 1.—VARIABLE COMPACTION METHODS 


Compaction Method Method 
Method 
Standard 
Proctor 


Thickness 


layer, in. 
No. blows per 


Total No. blows 
per cylinder 


Each blow obtained dropping the rammer through distance in. 


The construction and equipment summary supplied Col. Brown adds valu- 
able information which was beyond the scope the subject paper. Space limits 
further discussion this very important area which required the solution 
many problems and the development new equipment that now commonplace 
soil-cement construction. 

The authoritative and scientific discussion soils and soil-cement mixtures 
Dr. Winterkorn adds invaluable information the subject paper. His 
discussion the surface-chemistry and physico-chemical properties soils 
and soil-cement gives additional interpretation the observations the author 
the subject paper. 

The design procedures recited MICE, for his current 
projectare stimulating and thought provoking. Discussion design which will 
cover Mr. Thomson’s comments are included the preceding the Clo- 
sure and need not repeated. 

Mr. Thomson’s discussion the influence weather onconstruction opens 
broad field which, the interest brevity, will covered general terms. 


Surv., Worcestershire, England. 
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DISCUSSION 


The construction requirement that the mixture specified moisture 
near optimum may present two basic questions; the soil moisture above 
construction requirements due continued wet weather, other causes?, and 
will moisture falling during the day’s work raise the moisture content above 
requirements? Observation weather, awareness weather forecasts and 
the season the year with concomitant recognition probable weather con- 
ditions, must studied, and given serious consideration all times. This 
becomes almost second nature with the experienced project supervisor. 


Disturbed soil can easily acquire excess moisture. the other hand, 
many soils intheir naturalundisturbed state have moisture contents below con- 
struction requirements. When tests the undisturbed soil are favorable, 


Soil Group A-4, Idaho heavy silt loam top soil 
Test Series and 


Method (2) 
110 Method (4) 


Method (3) 
Standard Procter 


105 


Oven Dry Weight Compacted per Cu. Ft. 


Moisture Content-Percent Oven Dry Weight Soil 


FIG, 1.—MOISTURE-DENSITY RELATIONS SOIL COMPACTED VARIOUS 
METHODS (SEE TABLE 


construction can proceed with fair weather forecast. With rain prospect, 
only such length the project loosenedand processed can finished 
less than daylight hours. Should loosened and unprocessed soil threatened 
with rain, recompacted immediately with any available equipment—roll- 
ers, tractors, trucks, graders, etc. During compaction the surface given 
rough, high crown drain water from the surface, and final smoothing with 
paction. Water will then drain from the surface rather than unfavorably pene- 
trate the soil, unless coarse grained. 
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Moisture falling during the day’s work may present hazard may 
blessing the experienced supervisor, since reduces the amount 
moisture added during construction and, hence, reduces construction time 
and costs. Rainfall can divided into two broad general categories; warm 
weather heavy showers when 1/2 in. more ofrain may fallin peri- 
varying from, say, 1/2 more heavier the rainfall, the short- 
the duration), and prolonged periods continuous drizzle light rain. 
(Several hours must elapse for 1/4 in. water fall this classifi- 
cation weather.) Also, two general construction conditions may prevail; 
soil near optimum moisture, and air-dry soil requiring three four per- 
centage points moisture (during warm, dry summer weather). not un- 
usual need add the equivalent ofan inch more bringthe soil- 
cement mixture optimum. 


Soil 
U.S.B.PR. Soil Group A-7-4, Bates, light silty clay loam top soil 


Test Series and 
105 


Method (1) 
Method (2) 
Method (4) 


(6) —-—+ 


Standard Procter 


Oven Dry Weight Compacted Lbs. per Cu. Ft. 


Moisture Oven Dry Weight Soil 


FIG. RELATIONS SOIL COMPACTED VARIOUS 
METHODS (SEE TABLE 


Briefly, with the above background mind, damp soil should not pro- 
cessed when there prospect rain. emergency could permit construc- 
tion with only drizzle prospect. 

Soil below optimum may processed when only intermittent showers 
rainare inprospect. When raindevelops suddenly and unexpectedly, all oper- 
ations must expedited and the surface finished out with crown quickly 
possible. With the variable weather existing the United States, only 
exceedingly few day’s work has been lost due rain. uncompleted, rained- 
out section left undisturbed until favorable weather returns. then re- 
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processed, with small reduction inthe added for the second 
processing. Also, contractors the United States have found that the process- 
ing soil-cementis rapid and relatively inexpensive procedure, evidenced 
daily processing 20,000 more per day being commonplace. 

The author gratefully acknowledges the invaluable editorial and secretarial 
assistance Miss Charlotte Wenzel the preparation and the original 
typing the subject paper and this Closure. 
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THE ELECTRONIC COMPUTER HIGHWAY 


Discussion Charles Carlson 


CHARLES CARLSON,! ASCE.—There has been presented this 
paper comprehensive survey the use electronic computer highway 
and highway bridge engineering. Many engineers are finding computer solutions 
tedious problems efficient, but lack suitable background for understanding 
how these solutions are developed. The author’s article helps provide this 
basic knowledge. 

make efficient use electronic computer more needed thanan 
understanding SOAP Il, FORTRAN, any the other terms that are new 
the civil engineer. The electronic computer engineering factory that 
can produce for the engineer efficiently and much will allow. For 
effective use must understand the dimensions our future needs. Even 
this early stage computer usage, there are some engineers who are losing 
the use some their expensive programming because the initial outline 
their program not flexible enough. Fig. flow chart pre-program 
planning that has been developed from the experience the writer. 


OUTLINE THE PROBLEM 


for future human programmed user 
changes Decisions decisions 
Economics 
use 
FIG, 


example flexible and economical programming, the Wisconsin High- 

way Commission developing chain programs aid the design ei- 

ther steel composite concrete slab continuous bridge superstructures. The 

series makes extensive use library does not confine engi- 

neer pre-determined “typed” design. Its dimensions are almost limitless 


Bridge Design Engr., Wis. Highway Comm., Madison, Wis. 
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PROGRAM 


and can expanded for greater use used “pieces.” The programs are 


shown Fig. 


DETERMINATION BEAM CHARACTERISTICS (State Nebraska) 


DISTRIBUTION FACTORS AND CONVERSION DATA THE NEXT 
(State Wisconsin 


MOMENT DISTRIBUTION AND INFLUENCE LINE (State Washington) 


DEAD AND LIVE LOAD MOMENTS AND SHEARS Nebraska) 


COMPOSITE BEAM, CONTINUOUS CONCRETE 
SECTION SELECTION, SLAB DESIGN 


AND SHEAR LUG 


SPACING (Wisconsin 


BEAM DEFLECTIONS (Wisconsin 


FIG, 


re-emphasize the need for prior planning, the writer has outlined the 
four basic steps for successful engineering programming: 


Ascertain the extent the problem. Find out what wanted and future 
needs; 

Investigate library sources avoid work duplication; 

Prepare cost estimate; and 


Establish methods and techniques. 
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(ST8), 2224(HY10), 2225(HY10), 2229(ST8), 2230(EM4), 2231(EM4), 

NOVEMBER: 2245(HY11), 2246(SA6), 2247(SA6), 2248 
(SA6), 2249(SA6), 2250(SA6), 2251(SA6), 2252(SA6), 2253(SA6), 2255(SA6), 2256(ST9), 
2258(ST9), 2259(ST9), 2260(HY11), 2262(ST9), 2263(HY11), 2264(ST9), 2265(HY11), 2266(SA6), 
2268(SA6), 2270(ST9). 

DECEMBER: 2272(CP2), 2273(HW4), 2274(HW4), 2275(HW4), 2276(HW4), 2277(HW4), 2278 
(HW4), 2279(HW4), 2280(HW4), 2281(IR4), 2285(PO6), 2287 
(PO6), 2291(PO6), 2292(SM6), 2293(SM6), 2294(SM6), 2295(SM6), 2296 
(SM6), 2297(WW4), 2298(WW4), 2299(WW4), 2300(WW4), 2301(WW4), 2302(WW4), 2303(WW4), 2304(HW4), 
2305(ST10), 2307(CP2), 2308(ST10), 2310(HY12), 2311(HY12), 
2314(ST10), 2315(HY12), 2316(HY12), 2317(HY12), 2318(WW4), 2319(SM6), 2320(SM6), 2321(ST10), 2322 
(CP2). 


VOLUME (1960) 


JANUARY: 2331(EM1), 2332(EM1), 2333(EM1), 2334(EM1), 2335(HY1), 2336(HY1), 2337(EM1), 2338(EM1), 
2340(HY1), 2341(SA1), 2344(ST1), 2345(ST1), 2346(ST1), 2347(ST1), 

2363(ST2), 2364(HY2), 2365(SU1), 2366(HY2), 2367(SU1), 2368(SM1), 2369(HY2), 2370(SU1), 2371(HY2), 
2373(SM1), 2374(HY2), 2375(PO1), 2378(SU1), 2379(SU1), 2380(SU1), 


2382(ST2), 2383(SU1), 2384(ST2), 2386(SU1), 2387(SU1), 2388(SU1), 2389(SM1), 


2402(IR1), 2403(IR1), 2407(SA2), 2408(SA2), 2410(ST3), 2411 
(SA2), 2412(HW1), 2413(WW1), 2415(HY3), 2416(HW1), 2417(HW3), 

Discussion several papers, grouped divisions. 
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DIVISION ACTIVITIES 
HIGHWAY DIVISION 


Proceedings the American Society Civil Engineers 


NEWS 


March, 1960 


REVIEW THE FEDERAL-AID HIGHWAY PROGRAMS* 


Federal-Aid Highway Program 1956 has focused public 
attention highways and highway finance greater extent than ever before. 
The problems connected with the administration this huge undertaking, 

including financing and construction, generate substantial interest every 
citizen and more specifically those action groups chambers commerce 
whose continued support are required for the completion the program. 

The nation’s highways comprise complex network city, county and 
state systems, many which are part three different Federal-Aid sys- 
tems. The importance these systems measured not only cost mile- 
age but also the volume traffic utilization; therefore, even though state 
and local highway systems are more extensive and consequently might cost 
more and cover more mileage, comparison the Federal-Aid systems are 
the most heavily traveled and are considered vitally important. Since one 
the most serious highway problems today the movement people and 
freight into, out of, and around our cities, the Federal-Aid programs are 
essential need meet defense requirements well those business and 
industry. 

Early the development motor transportation, Congress realized the 
tremendous impact the motor vehicle would have upon the economy the 
country and that requirements business, industry and defense would gear 
closely motor transport. meet this situation, Congress enacted the 
Federal Highway Act 1916 devise system public roads which the 
Federal government would share the support highway improvement. 

Construction the first two systems the highway program was started 
1921 with the costs being shared 50-50 basis the states and the Fed- 
eral government. Today, more than one million miles roads and highways 
exist the Federal-Aid Primary and Secondary systems. These two systems 


and their urban extensions are integral part our Federal-Aid Highway 
systems. 


Note.—No, 1960-11 part the copyrighted Journal the Highway Division, Pro- 
ceedings the American Society Civil Engineers, Vol. 86, March, 1960. 


*Excerpts from Review the Federal-Aid Highway Programs,” the Chamber 
Commerce the United States, December, 1959. 


Copyright 1960 the American Society Civil Engineers. 
1960-11--1 
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The third important phase the Federal-Aid Highway systems the In- 
terstate Highway System. This highway system was designated 1944 and 
approved Congress 1947. Congress enacted the Federal-Aid Highway 
Act 1956, launching the program which started the Bureau Public Roads 
and State Highway departments upon the largest highway construction venture 
ever attempted the United States. 

Highway Trust Fund.—In planning the financing for the Federal-Aid High- 
way systems, Congress decided that the Interstate System and the other 
Federal-Aid programs should not financed from the Federal Budget. There- 
fore, Congress established special Highway Trust Fund function for 16- 
year period from July 1956 June 30, 1972. Revenue for the Trust Fund 
was obtained primarily from certain highway-user excise taxes, includ- 
ing: 


Fuel taxes all fuels (gasoline, diesel fuel, special motor fuel) for 
highway users—taxed per gal. 

Taxes rubber tires and tubes tires used highway vehicles 
taxed per lb; other tires per lb; inner tubes 
per lb; and tread rubber tires per lb. 

Taxes heavy vehicles highway motor vehicles with gross weight 
over 26,000 lbs, taxed the rate $1.50 per 1,000 lbs. 

Manufacturers’ tax buses, trucks and trailers—to taxed 10%. 


originally planned, the Highway Trust Fund was self-financing, and 
larger apportionments made the early portion the program would 
made smaller apportionments during the latter years. However, the 
1956 Act carried amendment, commonly referred the “Byrd Amend- 
ment,” which required that the program maintained pay-as-you-go 
basis. specified that deficit would allowed develop the fund. Un- 
der this amendment, the Bureau Public Roads, through the Secretary 
Commerce, required estimate the revenues expected the fund 
the end each fiscal year and make apportionments the states the basis 
revenues available from the fund. 

Changing Events Affecting the Program.—Several events have occurred 
since the program started 1956, resulting need for new evaluation 
its progress. These events which alter original planning have two separate 
having immediate short-range effect upon the 
Highway Trust Fund and events having long-range effect upon the program 
whole. 

These problems the original planning have required revised cost esti- 
mates. Generally, the highway program has made excellent progress. Nation- 
ally, has been kept schedule and, date, even ahead schedule many 
states; however, the issue financing remains big problem. 

The Federal Highway Act 1959.—The 1959 Act amended the 1956 Highway 
Act reducing slightly the amount monies authorized for the next two 
years. Beginning July 1961, portion certain excise taxes new auto- 
mobiles, parts and accessories would paid into the Highway Trust Fund for 
period three years. The revised schedule highway-user excise taxes 
includes: 


Fuel tax all fuels (gasoline and diesel fuels and special motor fuels) 


*One-cent this tax considered temporary until June 30, 1961. 
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Taxes rubber tires and tubes tires used highway vehicles 
taxed per lb; other tires per lb; inner tubes per 
lb; and tread rubber tires per lb. 

Taxes heavy vehicles highway motor vehicles with gross weight 
over 26,000 lbs—taxed $1.50 per 1,000 lbs. 

Manufacturers’ tax buses, trucks and trailers—to taxed 10%. 

Automobile parts and accessories taxed rate 5%.* 


The Bureau Public Roads has already apportioned $1.8 billion for the 
Interstate System for fiscal 1960 and expects meet its obligations for 1961 
through the new increase plus the revenues authorized the 1956 Act. the 
meantime, the highway program continues, but not the rate construction 
originally contemplated. The reduction about $700 million small from 
the over-all size the program but not considered serious provided there 
are additional cutbacks extensions construction schedules. 

Status the Highway only three years earnest planning 
and hard work, considerable progress has been made the Federal-Aid pro- 
grams. Highway administrators, engineers and builders have provided high- 
way users with 4,686 miles the Interstate System, including 5,101 bridges. 
This achievement represents almost 12% the planned program. During the 
same period, 75,355 miles new construction has been added the pri- 
mary and secondary systems and their urban extensions. This completed 
mileage includes 13,018 bridges. 


PHOENIX CONVENTION CHAIRMAN 


Mr. Earle Miller, ASCE, the firm Johanessen, Girard and 
Earle Miller, Phoenix, Ariz., has accepted the assignment serve 
Program Chairman for the Highway Division sessions Phoenix, Ariz., April 
10-15, 1961. 


NEWSLETTER ITEMS SOLICITED 


the recent Washington, C., convention, the suggestion was made that 
each committee chairman advise the Newsletter Editor any action his 
committee that would interest for the Newsletter. 

The Newsletter should serve vehicle informational liaison between 
committees and the individual members the Highway Division. Send items 
to: 

EDMUND CONTILLI 

Room 1202 

The Port New York Authority 
111 Eighth Avenue 

New York 11, New York 


COMPUTER PROGRAM ANNOUNCED 


The University Wisconsin, University Extension Division, announces 
Engineering Institute course: 


*This tax equal one-half excise taxes automobiles, parts and accessories now 


being paid into the General Fund. Beginning July 1961 and through June 30, 1964, one- 
half the current 10% excise tax, 5%, will transferred the Highway Trust Fund. 
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March and April 1960 
“Computer Applications Civil Engineering Practice? 
This program suggested the ASCE Task Committee Educational 


Aspects Electronic Computation. 


For further information contact: 
Engineering Institutes 
3030 Stadium 
University Wisconsin 
Madison Wisconsin 


PERTINENT 


“Planning and Development Urban Transportation 1959,” Bulletin 221, 
Highway Research Board, 2101 Constitution, Washington, D.C. This 66-page 
bulletin contains the six papers dealing with the subject presented the 
38th Annual meeting the Highway Research Board. Available from the 
board $1.20. 

“Studies Highway Development and Geographic Change,” William 
Garrison, Brian Berry, Duane Marble, John Nystuen, and Richard 
Morrill. University Washington Press, Seattle Washington. Price 
$7.50. survey economic impact valuable highway and urban planners, 
builders and administrators, well traffic engineers, realtors, taxation 
policy planners, and market analysts. 


MEETING CALENDAR 
ASCE MEETINGS 1960 


June 19-23 Reno Convention 


Contact: George Langsner 
Engineer Design 
Division Highways 
P.O. Box #1499 
Sacramento California 


October 10-14 Boston Convention 


Contact: Copell 
Chief Engineer 
New England Division 
Leuw, Cather Company 
361 Boyleston Street 
Brookline 46, Massachusetts 


1961 
April 10-15 Phoenix Convention 


Contact: Miller 
Johanessen, Girard Miller 
Phoenix, Arizona 
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NON-ASCE MEETINGS 1960 


National Highway Users Conference 
Mayflower Hotel, Washington, 


Contact: Butler 
National Press Building 
Washington 


National Society Professional 
Engineers 


June 8-11 


Annual Meeting 
Statler Hotel, Boston, Massachusetts 


Contact: Trombley 
N.S.P.E. 
Washington 


Institute Traffic Engineers 
30th Annual Meeting 
Edgewater Beach Hotel 
Chicago, Illinois 


Contact: I.T.E. 
Washington 


September 12-16 


DEADLINE DATE FOR JUNE 1960 NEWSLETTER 


April 15, 1960 
Send contributions the Newsletter Editor: 


EDMUND CANTILLI 

Room 1202 

The Port New York Authority 
111 Eighth Avenue 

New York 11, New York 
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